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ABSTRACT 

This paper examines and discusses the current status of 
productivity in the construction industry from the Construction 
Manager's perspective. The paper deals mainly with labor 
productivity within the construction industry and brietiv 
discusses “White Collar" productivity. 

Chapter one wili review the recent history of productivity 
in the construction industry, the importance of productivity in 
society and views as to why some people are concerned about the 
current state of affairs. From understanding the current status 
chapter one will talk about the direction the industry 1s heading 
and elaborate on current developments. 

Cnapter two goes directly into the methods of productivity 
measurement starting cut with the various industry and 
governmental definitions to the latest pertormance evaiuiation 
techniques. Chapter two will tie together the importance of 
productivity with estimating, profits, and accurate cost 
accounting. 

Chapter three will discuss in depth the many intiusnces an 
productivity within the construction industry. It wiii attempt 
to dispel some of the current myths and excuses and provide an 
accurate overview of potential impacts from numerous new 
cevelopments. 

Chapter four will investigate the human incentives and 
motivations that influence the human productivity on the job site 
and in the office. This wiil start out with a quick review of 


current human motivational theories and develop into a “more 





detailed review of the recent studies performed oan the job sites 
throughout the United States. 

Chapter five will provide a comprehensive 18 point program 
of action for the construction manager to implement in the fieida 


or in the office to increase productivity on various job sites. 
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CHAPTER ONE 
PRODUCTIVITY IN THE CONSTRUCTION INDUSTRY 

INTRODUCTION 

Productivity in the construction industry affects every 
aspect of our daily lives, it contributes to our standard oft 
living: impacts the nations economy and sets the direction for 
our future. The purpose of this paper is to heighten our 
understanding of productivity in the construction industry from 
the construction managers point of view. Using the definition of 
Polly Scott, the construction manager throughout the paper is 
meant to be a4 professional project manager. The construction 
manager works with the owner and the design organizaticn from the 
beginning of the design through the completion of the prciect. 
He provides leadership to all the separate components of the 
project including the construction team and the management team. 
He is technically proficient in construction technology, praject 
Management, and procurement CScott and Schowalter, 19786]. This 
Paper assumes that all the readers are familiar with the 
construction terms used and with construction productivity in 
@aeneral. 
HISTORY OF FRODUCTIVITY 

In 1993, the Business Roundtable concluded a four year stucy 
on the construction industry and 1ts practices. The study 
started in 19459 when the Construction Users Anti-Inflation 
Roundtable committees were formed. These committees were formed 
Out of concern and necessity because the cost Gf construction was 


skyrocketing compared to the rest of the economy. 





The concern for construction productivity and cost are not 
new to the late 20th century. It dates back more to the days of 
Jericno in the year 7800 B.C. Countless professional studies 
have been completed and forgotten and some have even managed to 
stay with us to now, Thomas Mason from 1792, more specific to the 
construction industry, Frederick Taylor from the late 1800‘s, and 
Frank Gilbreth who in 19709 published a book of bricklaying 
systems. On a more famous note, of course, there is the work of 
Henry Gantt who developed the now widely used Bar Chart in i908 
C(Drewin, 1982). The strangest result that came from all the 
Studies in the early 20th century is that most of them were dane 
aS an analysis of construction activities. However, all the 
lessons learned over time nave been successfully applied to 
manufacturing but construction continues to have the same 
Problems as it did in the early half of the century when the 
studies were dane. 

The most recent concern far productivity in the construction 
industry 15 well founded. Since 1909 manufacturing productivity 
per man-hour has increased 2.6 times faster than that of the 
construction industry, this lack of increase in the construction 
industry has had a great effect on our society (CFarker, 19721]. 
IMPORTANCE OF PRODUCTIVITY ON SOCIETY 

As our nation continues to increase or at least maintain our 
standard of Living we continually try to seek the best use Gt our 
nationai resources and to maintain our competitiveness at home 
and overseas. Froductivity of the American economy is of A major 


concern to all Americans and to civilized society in general. 





The level of productivity in the work place is closely tied to 
the quaiity of life in America. The level of productivity 
affects not only cur personal security and well being of 
individuals But also that of society. 

The rest of the world still measures themselves against the 
average American worker, and strives to exceed our levels of 
output which then affects the way we live our daily lives. 
Several countries have exceeded our per worker output C[BLS, 
1987). Froductivity is not the new catch word of the 80's, it has 
been and ana remain of great importance to any industrial 
nation. Freductivity sets the pace of cur economy. The reason 
productivity has gotten so much attention in the United States 
industry over the last two decades is because the productivity 
increase of the United States has been small or negligible. Over 
the last couple of decades the productivity rate of the United 
States compared with the other industrialized nations has besn 
very alarming. However in the last serval years the news has 
been pretty good. The latest reports from the U.S. Bureau of 


eran 
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Labor Statistics show "Manufacturing productivity rose = 


percent in the United States from 1985 to 1°86, and, while the 
U.5. 19846 increase was less than in 1985, it was well above the 
U.S. trend rate from 1972 and exceeded the productivity gains 
recorded by any of the other nine Countries.”"LBLS, 1987] The 
good news for the last two years 15 encouraging. However, it 
Goes not make up for the years of slow growth in productivity, 
mor does it mean the construction industry has increased its 


MW Ocwetyyity rate. 








Pee New eit FROEDUL TIVITY RATE IN THE Ws 

Refore beginning an indepth review of the productivity rate 
in the construction industry for the last serval decades it 15 
important at this point to understand just why productivity in 
the construction industry is so vital to the national 
productivity level and to the nation. 

According to the National Research Council, the construction 
industry accounted for 8.5% of the GNF in 1984. The doliar value 
or the construction was estimated at #312 billion. (see table 1) 
The Neeacnal Research Council admitted that this is a 
conservative figure since defining and measuring the size or the 
construction industry is difficult because of its fragmented 
nature and because construction activities frequently averiap 
into other industries. For example, construction contracts that 
call for the installation of carpeting, home appliances, and 
telephones are not counted in the government estimating. The 
labor force accounts for 8% of the national wark force or more 
than 8.46 million workers. There are almost 1 mitilion general ang 
specialty contractors in the construction industry, over 30,000 
architect and engineering firms, Over 25,000 building material 
dealers, 15 major building and construction unions, and 1380 
construction related trade associations. As can be seen from the 
magnitude of size of the construction industry when the 
productivity level is not increasing with the rest of the nation, 
or for that matter with the rest of the world, there is a probiem 
Peec, 1966). 


From 1960 to 19723 productivity in the United States rose 








TABLE 1 Value of New Construction Put in Place in 1984 
(millions of current dollars) 








Type of Construction Value 
Private Construction 
Residential buildings: 
New housing units 114 , 620 
Non housekeeping (e.g. hotels) 7,000 
Additions and alterations 23,440 
Total 145,059 
Nonresidential buildings: 
Industrial 13,745 
Office 25,90 
Other commercial 22,167 
Religious : 2,132 
Educational : 1,411 
Hospital and institutional 6,297 
Miscellaneous , 2,455 
Total 74 ,147 
Farm nonresidential 2,860 
Public utilities: 
Telephone and telegraph 7,174 
Railroads 3,671 
Electric light and power 19,473 
Gas 3,233 
Petroleum pipelines 271 
Total 33,822 
All other private 1,912 
Total, private construction 257 ,801 
Public Construction 
Buildings: 
Housing and redevelopment 1,636 
Industrial 1,828 
Educational 5,257 
Hospital 2,039 
Other 6,822 
Total 17 ,883 
Highways and streets 16,2% 
Military facilities 2,839 
Conservation and development 4,6 
Sewer systems 6,241 
Water supply facilities 2,621 
Miscellaneous public 4,654 
Total, public construction 55 , 186 
Total, all construction 312,987 





SOURCE: 


Bureau of the Census (1985). 


7 
= 





only 3.324 annually while other foreign countries had double or 
more our annual rate. The trend continued throughout the 76's 
and hit a low of 2.4% in 1978, rating the United states sixth out 
of seven countries for increase in productivity. 

The U.S. Department of Commerce report on productivity for 
individual industries shows clearly the main drag on 
productivity is the construction industry. (fig 1) The numbers in 
the figures must been taken only as a trend indicator since 


estimation of construction productivity is not precise. 
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INDUSTRY % PRODUCTIVITY INCREASE 
Agriculture 22547 
Construction O.BOZ% 
bovernment 1.54% 
Manufacturing Soo 
Mining fel y 7 
Fublic Utilities Je 407% 
Transportation 4.607 
(Figure 1) Annual Productivity Increase by Industry for 1970 


thru 1780. CAdrian, 1982] 

The figures presented by the Government are impressive, 
however, for the most part inaccurate according to the Business 
Roundtable. "Tt found that the government goes compile 
construction productivity indexes, but their accuracy 15 subject 


LO serious doubts, partly because of the apparent under reporting 





of the total value af construction put-in-place, and partly for 
technical statistical reasons." CSummary, 19831] The report goes 
on to say they, The Business Roundtable, could not find any 
statistical concrete evidence that the praductivity rate was 
decreasing but they could prove it was not increasing which in 
their report 1s just as bad. Fart of the problem lies in the lack 
of productivity standards. The federal agencies collecting the 
data have concluded that an industry’s ability to increase 
Praductivity is dependent on the degree that it can set 
Meduictivity Standards and measure them. Althaugh the absoiute 
numbers may be in error, the trend is clear in that the 
construction industry is having a productivity problem. 

Diteen ine VibWS ON THE DECLINE OF FRODUCTIVITY 

The decline of the productivity rate in constructian has 
many indicators, indexes, and ratings published and distributed, 
and some not published, by the U.S. Government and every other 
Industrialized government throughout the world. The United 
States 1s not alone in feeling the impact of a decrease in the 
productivity rate. In Japan, the construction industry, which 
started suffering during the post o11 crisis Business slimp, was 
saved By increased government spending on public works projects 
which started in 1976. Although saved by their governments 
spending they to have suffered with greatly decreased profit 
rates and deceasing labor productivity CHippon, 1983). 

There are numerous theories as to why the productivity rate 
in the caomstructian industry has declined ar at least failea to 


rise. The problem is a national concern to government, labor and 





the industry. Each of the three segments are blamed in differing 
degrees in each theory about the decline of the praductivity rate 
in construction. Some of the authors are very candid about the 
fact there is no single reason for the decline. Other authors 
Single out one of the segments, government, labor, or the 
industry anc criticize it. A lot of the authors, because of the 
influence of labor on productivity in construction, eguate 
overall productivity with labor productivity. Most of the 
articles or books are variations of two prominent theories and 
one not so prominent theory. 

The first theeary is presented by Steven G. Allen [Allen, 
198s] "Why Construction Industry Froductivity is Declining". He 
feit the biggest factor in the decline was the reduction in 
Skilled labor intensity resulting from a shift in the mix of 
output from large scale commercial, industrial, and instituticnai 
projects to single family hauses. Through statistic studies he 
felt this accounted for 41% of the observed decline from i968 
through 1978. The other major contributing factors were Capital—- 
Labor Ratio, Economics of Scale, Labor Quality, Fercentage Unicn, 
and Regional Shifts. The more interesting figures the author 
presented was the number of establishments which grew by 20.22% 
While labor grew at just 19.5% This resuited in an 8.1% increase 
in average hours per establishment, which canverts to a 1.424 
decline in productivity. The other interesting statistic 
provided concerned the average level af schooling, age, and sex 
of the work force. All three of which have increased during the 


ten year periad. The author converted these statistics into a 





feo. Gecliine in productivity. 

He also felt that the government’s method for estimating the 
deflator used in the productivity formulations 15 in error. He 
provided statistical backup that the difference between the 
official defiator and a new deflator he proposes in the paper 
accounts for an additionai Si*% of the reported productivity 
decline. The other 8% he can’t account for in his work. 

The second theory is presented by Tucker and is centered 
around the idea that construction is getting mare and more 
complex. The projects are increasing in size which 15 decreasing 
Our expected productivity rates ana increasing the cast of 
construction. Construction costs have risen at a rate 
approximately 30% higher than the inflation rate. Hecause afr the 
increasing magnitude of project participants, which now numbers 
20 for the average project, (see figure 2) the amount of 
theoretically available man-hours to put work-in-place 1s down ta 
2O%7 On some projects. 

Contributing to the decrease in construction productivity. 
is the disparity between wage increases and the lack of 
productivity increase, legal restrictions, educational processes, 
and project management CTucker, 1°86]. Many or the reasons 
that the author discusses for construction productivity 
decreases are valid and are examined in detail throughout the 
paper. 

The third theory which is presented by Ferlo is not widely 
known and is not supported by any statistical data. The author 


felt the reported productivity decrease 15 fabricated by the 
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Federal Government and Wall Street as a means to justify wage 
cecreases for the average working class citizen. Although the 
authors views are extreme he does present several interesting 
points which were addressed in the Business Roundtable’s 
"Construction Industry cost Effectiveness Froject". Several of 
the authors complaints about the Bureau of Labor Statistic 
methods for collecting data are valid and will be presented 
later in the paper. 

The most important item to remember about the differing 
VleEews as — why the construction productivity has declined, 15 no 
matter which theory one subscribe’s to, the final recommendatians 
are very similar. 

DIRECTION OF PRODUCTIVITY IN CONSTRUCTION 

The direction of productivity in general throughout the 
world is on the rise again according to the Bureau of Labor 
Statistics CBLS, 1987]. The numbers for the last coupie of years 
as presented early in the paper are very promising for the United 
States. The question returns again very Quick to how is the 
construction industry doing? The answer is usually, the industry 
mist be doing better, the mational productivity indicators are 
going up. We still cannot measure the productivity rate in the 
construction industry accurately. We have taken giant steps 
forward, however, in identifying our problems, advertising them, 
and working on solving them since The Business Roundtable 
published their reports on "The Construction Industry Cost 
Effectiveness Froaject". One day we will be able to estimate with 


a reasonable degree of accuracy the productivity rate in the 
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Semstruction industry. 

Since the publishing of the Roundtable reports numerous 
Froductivity Centers have developed several dealing strictiy with 
the construction industry. In researching this paper the author 
was in contact with many of the centers (appendix Ad and reviewed 
their current activities. By far the center which has been 
functioning the longest was the Japan Froductivity Center. 

JAFANESE FRODUCTIVITY CENTER 

Founded March, 19750 at the recommendation of the U.S. 
Sovernment the center has set out from the beginning with a ciéear 
set of goals. 
ie. In the long run, improvement in productivity wili increase 

employment. 

ae In developing concrete measures to increase productivity, 
labor and management, conforming to the conditions existing 
in the respective enterprises, must cooperate in discussing, 
studying and deliberating such measures. 

Bs The fruits of improved productivity must, in correspondence 
with the condition of the national economy, be distributed 
fairly among management, labor and the consumer LUFC, 19786). 

The Japanese productivity center has a 20 plus year head start in 

cembining the efforts of management and labor at a national 

level. It is no longer individual companies making agreements 
with the labor force but whole industries with the aid of 
cooperation techniques and attitudes developed through programs 
like tnose affered at the Japan productivity center. In 1961 the 


9.5. Government withdraw its funding from the Japan Froductivity 
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Center, Rowever, by this time the center was fully supported By 
private industry. The Japan productivity center cperates 
training centers for management and labor, sponsors overseas 
study teams with over 460 teams annually visiting the U.S.. They 
have over a ten million dollar budget annually for operations and 
research. 

AMERICAN PRODUCTIVITY CENTER 

The United States is not completely without its 
accomplishments in the area Gf productivity awareness and 
secs. ie United States Department of Commerce has written a 
report on technological developments in the construction industry 
since the end of world War II. The author of this report asserts 
that the construction industry has made three major adgvances 
since WWII. The first being mechanization, the second new 
material developments, and the third prefabrication of 
structural components. The final point of the report is that 
although construction is not a high-technology industry it is 
technologicaily progressive CNewman, 1934]. 

The real start of a centralized awareness program started, 
as mentioned early, in i949. In 1972 The Business Roundtable, 
NOW an association in which the chief executive officers of over 
200 major corporations focus and act on a wide range of public 
issues, started its work on the Construction Industry Cost 
Effectiveness Froject (CICE). The CICE project has been in 
progress for over eight years now with more than 250 people from 
the construction industry representing over 125 companies ana 


universities. The CICE project produced 24 reports on varying 
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topics that affect the construction industry with a total of 222 
recammendations for improvements. As an out growth of the CICE 
reports and to fill a void in the industry, the Construction 
Industry Institute (CII) was established. started im i962 Cil 
brings together owners, contractors, and academia in an effort to 
develop intermation ta improve the U.S. Construction industry. 
It coordinates its efforts through The Business Roundtable 
Advisory Council and the CICE Task Force CCIr, 19Se7. 

The Cll desérves some discussion before we ga any further. 
The CII SSiiveves that many of the problems that limit cast 
effectiveness are common to all organizations that share in the 
construction industry. It believes that real improvements can 
best be identified and accomplishments when made in a cooperative 
enviranment, with the benefits being shared by the construction 
industry at large. The sustaining membership in CII feels 
strongly encugh to financially support CIT with 2 annual 
membership fee of £25,000 and a commitment to support the 
activities of CITI through participation. 

The CII relations with the academic institutions 15s 
essential to accomplishment of its goals. At the end of i98S4 
there were 49 research contracts awarded and underway. The 
cantracts all dealt in the following areas: 

CICE Impact Evaluation 
Froductivity Measurements 
Model Plant 

Constructability 

Industry Data and Statistics 
Contracts 

Cast /Schedule Controls 
Materials Management 


Design 
Technolagy 
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Quality Management 
Employee Effectiveness 
Froject OUrganizatioan 
Satety 
Education and Training 

An interesting note is that CII is discussing adding a task 
force on claims and liabilities. 

All of the topics listed above directly or indirectiy affect 
productivity in the construction industry. Some of the task 
forces are working on the problem of defining, measuring, and 


reporting productivity in the construction industry with some 


form of standardization. 
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CHAPTER TWO 
FRODUCTIVITY MEASUREMENT IN CONSTRUCTION 
INTRODUCTION 
How de you define productivity? What does it mean in your 
Own organizatian?’ What is the productivity level of your own 
organization or firm? How do you measure that productivity? 


Wheat are the productivity inputs in your own crganization or your 


Tl 
CL 


segment of the industry? Daes your organizatian have a Stat 


set of productivity goals? Do you have a productivity program 


internal to your organization? How do your empioyees feel 
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that productivity program? 

Most peopie cannot answer these questions. tf they can 
answer the guestions, the answers will vary depending on what 
level one ask them at within any organization. The truth is 
there is no common, widely shared industry definition of 
Gmoeductivity. Froductivity 1S paramount to any organizations 


SUCCESS and Survival and most people have a hard time defini 
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mvcn less improving upon it. Consequently, there is no ane Best 
way Of measuring a rise or fall in productivity. The first step 
tG any productivity improvement plan is to define what we are 
measuring CGuzza, 1992]. 

Froductivity measures are used to make comparisons of 
technical efficiency across different production units for a 


Given time period or across different time periods far given 


EL 


BProductian units. The production process can be viewed as 
transforming certain inputs ‘land, labor, capital, and ma 


into a good or service (such as a office Building or a road 
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@eeeeerivity 15"derined as the ratio of output to inputs CNRC, 


foo). 


ete 


In a complex industry such as construction it is entirely 
possible and probably quite likely that we will not have a single 
measure Of productivity or single definition of productivity. 
There 15 nothing wrong with having multiple measures. So iong as 
WE are consistent in our understanding and use of the 
definitions. 

DEFINITIONS OF FRODUCTIVITY IN CONSTRUCTION 


in aderining productivity we must gst our semantics straight. 
What do we mean by productivity, performance, efficiency, 


et 
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ectiveness, and production? 


Ferformance and productivity are not the same thing, a 


mt 


ectiv 


worker can work hard and have low productivity cue te inet 
methods. Productivity can be high and performance iow with thre 


use of automated equipment. Worker performances traditionally is 
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regarded as the product of ability and motivation, expressed 
FERFORMANCE= ABILITY % MOTIVATION 

The multiplication sign in the equation is important Because it 

shows that if either term is lacking then performance 15 nothing. 

Worker performance 15 an input to the productivity tern. 

Productivity and praduction are mot exactly the same 

thing. Total preduction can go up with a increase in 

Peeaeetivity Of a Single contributing input factor. 

Froductivity is the amount of goods and services produced by 


a productive factor in aiunit of time. A singie input resource. 


im 1ts generic form: 
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PROOUGTIVITY = BUTrPHTY INR 

This definition leaves a lot of room for different 
applications, which is not tctally unrealistic or bad. Each 
industry uses 1ts own application of the term, and the government 
summarises and uses its combined definition for that industry. 
The problem arises in that the construction industry has so many 
dirterent applications and definitions and the government has 
never been able to come up with a good correlation of the various 
terms. 

GOVERNMENT DEFINITION 


The federal government through the Bureau of Labor 


statistics using data from the Commerce Department is the primary 
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source of national productivity data, but the accuracy and 
adequacy for the construction industry leaves much ta be desired. 
However, with the proper rearrangement and correction in data 
reporting and collection techniques the potential usefulness 
should never be ignored. 

The United States Department of Commerce defines 
Seocuctivity: 

FRODUCTIVITY= DOLLARS OF OUTFUT / MAN-HOURS INPUT 

In order to make relative comparisons from one period to the 
next, the federal statisticians adjust the numerator for the 
consumer price index. The Bureau of Labor Statistics (HLS) 
publishes productivity measurements quarterly for the total 
private business economy with major subdivisions using grass 
Aational product data for the output side of the ration. The BLS 


attempts to break this down into industry sectors le.. 
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MenuUracturing, transportation. Tne construction industry 1s one 
Sector for which the BLS has constructed indexes of gross product 
originating per hour, however, they recognize that serious 
deficiencies exist in their measurements and have not published 
this report tor several years. The gross product figures put 
together by the BLS come from the estimates for industrial and 
commercial construction figures reported by F.W. Dodge for 
contract awards. 

To give an estimate of the error in the government reporting 


techniques the Business Roundtable studied in detail the 


governments figures and compared them with data coilected from 
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the industry in 1979. The report suggested that the governmen 
official figures for total canstruction value should Ge increasec 
by more than SO“, with almost all of the change in industrial, 
office, and commercial construction CReport A-1, 197321. The 
findings of the Business Roundtable report are substantiatec By 
the survey completed by Steven Allen CAilen, 19835] which was 
mentioned eartier. The author revised the governments method of 
estimating the deflator, by adjusting the contract awards bases 
it on actual cost of projects versus that strictly for iabor anc 
Materials. He accounted for S1% of the productivity ioss by 
using this mew deflator. This is one of the reasons that not 
much weignt is placed on the absolute numbers concerning the 
gdecline® of eroductivity in the construction industry anymore. 


H the trend of rapidly increasing cost is stiil very 
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Within the gavernment there are numerous ways to calc 
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ang monitor productivity within the private sector. The Federal 
Reserve Board publishes indexes af physical volume of 


manufscturing output which does not agree with the BLS. U 


WN 
post 
es 
uC) 


i uw. 


the Federal Reserve Boards numbers in the numerator it she 
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increase Gf SOA im productivity between 1967 and 198C, compared 


with only 29% shown by the BLS reports. This is only one SGuample 
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or the disparities in the government reporting processes [Ferla. 
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Ss obvious that there is a credibility probiem with the 


foul» 


ie 
ee eaterepurts- me construction industry has the licans 
share of the probiem and is currently working with the tederal 
government through The Business Roundtable and tine CII Task Farce 
Gon Industry Data and Statistics. The results promise to be 


interesting. 


Industry Definitions 
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When we consider the problem of coming up with an 
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standardized definition of productivity the problem now GF anci 


cut ten fold. How to define productivity for the canstruction 
imdustry on the lower levels. Returning to the generic 


definition of productivity we can develop numerous productivity 
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terms for the construction site manager to use for more specific 

work activates for example: 

LINEAR FEET/MAN-HOURS SQUARE FEET/MNAN-HOQURS 
CUBIC YARDS/MAN-HOURS 

Fach craft within the construction industry has and can justify 


their own units in the productivity equation. This is more than 


reasonable but the problem develops how do we compare these 
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different crafts productivity rates with others and How do we sum 
ai? the crafts into a single productivity rate. Using 
DGLLARS/MAN-HOURS seems the most logical, however, each year the 
Value of a dollar changes unevenly throughout the economy. Mr. 
McNair from Rardin Construction Company elaborated that even 
within his company there are different opinions on which 
measurement 1s best. To use DOLLARS/MAN-HOURS ones cost 
agjustments each year must be very accurate. On projects running 
over several years duration ones productivity rate would show 


Qreat increases as the value of the dollar dropped but in resi: 


se 
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the amount of work in place would have little change if no ciner 
Variables had changed. No single criterion measure distinguishes 


itself as the mast accurate, valid, or applicable to the 
productivity term when applied ta the crafts. As stated berarse 


the 
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mthor does not feel this i 
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sine@le correct answer it would have been 


The secret to the industries success is going to hea 


Pirie preaductivity term of TONS/MAN-HOURS (just an example). Later 
Gi we can develop a conversion or relative weight factor for this 


Reems onm Of preductivity to fit into the total productivity 


term. With the advent of the computers and the integration of 


tne Microe onto the job sites and offices this is no longer the 


impossible task. All of the companies interviewed were using or 
at isast had micro computers at the joo site. 
task a mew idea to the construction inagustry, 
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research institution this can become an industry standard for 
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reporting. The cGefinition of productivity must be set We Can 


pote 


he 


un 


sce aon with the business of mea ng Gur productivity, which 
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leads to the importance of measuring productivity. 
IMPORTANCE OF PRODUCTIVITY MEASUREMENTS 

The importance of productivity measurements can never be 
over estimated. whether you do your own measurements or use one 
Gf the many published documents on productivity rates. EnOwing 


accurately ae proaquctivity rate or ones aen resources 15 the key 
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oOo goecce estimating, and good estimating 15 the key to success 1n 
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Re construction industry. Simply put, estimating is the Au 
and bolts of the construction industry. 

ESTIMATING AND FROFITS 

me preparation cf accurate estimates leads to the success 


Or failure of the project, either financial profit or ioss. Alot 


mf time and money goes into preparing a bid or estimate ans the 
accuracy is solely dependent on the information providec by the 
Sxyperienced estimator on productivity rates. Three elements are 
Witsi to an accurate estimate: 

1. Determination of the quantity of work 

2. identification of the productivity needed to pertorm the wort 
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=, Calicttlation of the unit cost of the resources ta be use: 
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Of these three productivity is the element most subject to 
Beeereainty. Given the wide variation in the productivity cf the 


Sse ees tat are part of the construction production process, 
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a ing or estimating Of productivity 15 undoubtedly the 
leading risk factor in a construction estimate. The estimators 
get their information for productivity rates fram numercu 
Sources whicn includes field experience, books, and historical 
records. 

Productivity of construction producing resources to includs 
labor and equipment is dependent on numerous factors, including 
weather, workers morale, and supervision. These are oniy a few 
ef the factors the estimator nas to deal with. It is the 
ee idator’s ability to identiry the many factors that impact 
Gproductivity that in Great part dictates the accuracy of a 
comstruction estimate. Ciearly the estimators understanding of 
recguctivity including its forecasting ang measuring enhances 4 
contractor ’s ability to improve his performance. With the mores 
standardized productivity information available to the estimator 
the less time he spencs preparing the estimates and the iess 
money involved in the preparatian phase. We tan never 
realistically expect the estimates to be 100% accurate, however, 

e degree of accuracy goes up with the amount of productivity 
information availiable. The lack of estimating-—accounting 
sophistication often contributes significantiy to t residentia 
Meee getter = high Failure rate CAdrian, 1982]. the failure rate 
in 1984 for the construction industry in general was 112 per 
every 19,900 contractors. The reason most stated was poor 
Menecement which includes the lack of proper estimating and 
seccounting CMiln LoS7 a. 
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Tne cost accounting system of every organization and every 
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praductivity and consequently estimating the next job. Not to 
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mention providing the Construction manager with proper controis 
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Lakes to construct a project are interrslated and when sne 
suffers they all sutfer Although cast accounting is not the 
subject of this paper it is important to emphasis the importance 


of a a ae timely, and detailed cost accounting system. the 
level of affcort must be dependent, of course, on what you expect 
to get Back in return. GoGo0d project controi and accurate 
information for future estimating. As Mr. Sherman from Bechtel 
stated "the accuracy of the project cost accounting system 
Gependcs upon those guys filling them out correctly and not 


eneating". Tre cheating he refers to comes from a letk a 


“bi 


understanding by the field personnel as to the intenced use ca 
the informatian. If they were using the accounting system a5 4 
hammer to hold over the heads af the field supervisors we will 
never get the accuracy we need. We really do not need tao use the 
ting system in that manner since there are so many cther 
says to check the performance of a crew without the cirect threat 
Sethe accounting system. Finally the capabilities of labor are 


not always being measured. What is determined is the 
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ectiveness cf the system in converting manhours efforts 
Useful products. 


Insight gained from the interviews and from personal 


24 





Hperience shows most companies are using manhours in the 


denominator for several reasons. The basis for most companie 


era 
wa 


measuring their productivity using man-hours is very simp 
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first the quantity of labor required is more susceptiblis 
influence of construction management than are quantities of 
either capital or materials. Secondly labor constitutes such a 
large part of the cost of construction. The constructia 
productivity measuring methods vary from company to company ans 
often within a single company from project to project. 
MEASUREMENT TECHNIQUES 


There are two basic approaches to measuring productivity: 
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mgle factor and muitifactor measures. Single factor measur 
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“ise cniy one input in the denominator. TRe most commoniy usec 
measure of productivity is labor productivity as mentioned sarily. 
In construction, square footage and doliar value put in place per 
hour are commonly used indicators of labor productivity. Tn 
certsin situations, cther single eer Measures might aiso he 


useful, such as capital productivity (the ratio of output to 
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Meeital tmeut) or land productivity (the ratio of Sutput to 


ise). 
When using any of these single factor measures we must be 
Careful to avoid assigning causation of productivity change to 


wnatever input happens to be in the denominator. Increases in 
labor productivity does not necessarily indicate that workers are 
becoming more skilled or putting out more effort. Higher labor 
Geeemctivity can alsa resuit from increases in the quantities af 


other inpu or changes in technalcgy or 
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Possible fem lawar productivity to 
amcrease while capital or land productivity decreases. It is 
very difficult to determine what has actually happened sometimes. 
Because the singie factor productivity measure is difficuit to 
interpret, the multifactor approach was developed. 

Multifactor productivity measures use a weighted average of 
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Beach input’s share of total expenditures. Mult 


reflect the joint impact of all inputs on productivity more 


accurately tnan single factor measures because the Gguantities 


tt 


ail inputs are in effect held constant. The problem with thi 


iS one cannot identify the single factor that is contributing ta 
the increase of productivity to apply it to other projects ana 
jobs. So0 in the first case one can mistake a increase in 
productivity and give credit to the wrong resource and in the 


other case one cannot identify which resource to give credit to 
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The scope of productivity measurement 15 very large. PTRAS 
Paper is going to focus in on the microievel productivity 
measurements used by construction managers to contrat 
construction projects and to estimate future ones, rather than 


tor deroeminaters 


macrolevel measurements with multifac 


Before discussing the measuring techniques the paper will 


Guickly review whet has been covered so far and review the steps 
Mecessary to start our site productivity measuring system: 
Seee in Setting up the cost accounts in enough detail so that 


provides the level of detail necessary to evaluate 
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Step =. Determine the quantity cf work to be done. 
Step 3. Establishing the Budget for each account. 
Step 4. Me ring the work as it is completed. 


HISTORICAL 


The first measuring technique which deserves our attention 


i5 realiy a function of gaod accounting and a by-product of 
projvects campieted. However, it is still a methad aot measuring 
and comparing productivity on a current project. Historicat 
Measurements of productivity can be invaluable if used and stored 


correctiy. The old excuse about every project 


or 


unique and 


therefars ane cannot tise old data from past projects is nothin 
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more than an excuse for bad accounting practices. Sure every 
erovect has its unique features But the estimators ang 


construction managers can apply the productivity rate developea 


through the company and manipulate them quickly to #:t the 


eoject. ia 
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approach is much quicker and cheaper than starting 


from ground zero or using a commercially published list of 
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Productivity rates. Some of the best and largest of the 
commerciaily published references are: 


i. Dedge Construction Fricing and Scheduling Manual 


R.5.Means Building Construction Cost Data 
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F.LR. Walker’s The Building Estimator’s Reference Book 


4. The Richardson General Construction Estimating Standards 


el. Matie@imai Construction Estimator 
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However, it must be kept in mind that R.s. Mean 
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do not sit down and develop foc! proaa 


# productivity rates. 
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accumulate the construction data that is supplied through the 
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nme industry and manipulate it into area avera 
LHalpin, i807. The estimating references contain 1isting 
cost per line item similar ta the cast account line itema 


contractor would keep. 


between the author and the R.S. Means office in Duxsbury 


Massachusetts, the values published by this references are not 
scientifically proven nor are the tatistically Based. ihey are 
2 Good Boece einc point if ane does not have a company historical 
recora to base your estimate on. The information accumulated in 
historical records must be widely distributed and usefully 
correlated sa the estimators and construction managers can uss 
them. Once again this 165 a function of gaod and accurate cast 
accounting procedures. 
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Another measuring technigue which once again is used far 
setting standards or goals and used for estimating productivity 
with & great efficiency is the Scientific based presuctivity 
Standards or Statistical Standards. Inmciuded in this section is 
Phe Work Study Method, Methods Time Measurement (MTM), and Methos 
Praductivity Delay Model (MFDM). Tne techniques reviewed in this 
section are used primarily for setting standards alsa calied 
eangineering standards. 

For the work study method a knowledge of basic probabiiity 
statistics is very useful since much of the data collected is 
subject to variability and cannot be determined with absolute 
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mpractical to observe all workers 
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certainty. Also it is 


reievant to study, nor is it always Gractical ta ocbserve the 
workers continuously. When conducting a work study it is 
paramount to kept the contractor's needs at the tap of the list. 
TRe work study design needs to be flexible enouch for the 


observer to respons to changing conditions on the job site. The 
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work study procedure should adhere to the following basic ste 


al) 


ar flexible set uo. 


Ns 


ie select the work to Be studied and dao not vary 


Es Baie ater ei: evant facts 


un) 


Ss. Examine the tracts critically 


4. Develop the new method 


[ 
it 
a 
ul 
rr 
O 
jevd 
baad 
OH) 
in 


Standard practice the new methods 


cr 
mh 
fens 


n by routine checks 


Cr 
zt 
Dy 
fed 
@ 


The specific details of work study is very similar to wark 


sampling and mast of the procedures used are the same, however, 
tie work sampling 1s of more interest to this paper and is 
covered in detail in the Ferformance Evaluation Techniques 
Section later in this chapter. 
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The MIM system is based on the concept that metha 
Cetermination preestablishes the time ceterminatiaon with factors 
aveallable to take into account the crews experience, weather at 
the site, and general site conditians. The experience of the 
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ce the method of construction is Geterminecd, 


time can be very accurately compiled from tie times needed tar 
the Glemental operations. Each FProject is Broken down ints 
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Genstruction activities and each construction activity is broken 
Gown even further. The MTM system has already done the time 


me LTE Lakes £o tain, to pick up a Bblockewe to nail 
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studies on the t 
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Mere time Studies are then put back together to form construction 
times for laying a Block on the ground using one labor and one 
mason or for no labors and one mason, or for any combination ane 


experience level you factor in. For sxample this is taken fram 
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WORE ELEMENT UNIT MAN-HOURS 


PER UNIT 
12" diameter 100 Lin Ft 70 
fe Gi aine es POMM yee t a 
~4" diameter ele ed ine © 45 


SEGGESTED CREW SIZE four to eight UT’s 

MOTES: Lifting equipment required for all sizes of concrete 
pipe. 

=<. Man-hours estimates for manholes or catch basins based on 
making fie into sxisting manholes or catch basins. 

oS. Types Of Cement pipe joins; concrete, cakum, mortar ang speed 


Seal. 
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The most complete studies af the MIM was done by the United 


States Navy in the late 1939's and updated every couple of years 
since [CNAVFAC, 1982]. The MTM estimating books are very useful 


and easy, however, their accuracy depends greatly an the 
experience level of the estimator using it. The acvantage to the 


Mim estimating book is that the productivity rates are given from 
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ents and experience. When using the 
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MTM you never have to start from scratch, you Have the time 
estimates for your basic work elements and you can go from there. 
The actcuracy Of using the MIM as you can see 15 directly 


oroportional to your estimator’s experience level 


Tne Method Froductivity Delay Model (MFDM) was 
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James Jd. Adrian fAdrian, 1982]. Tt 15 basically an 
to the more traditional time study model of helping the 


construction firm predict, measure and improve proaductivit 
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Like the time study model it requires extensive fiela 
ebservations toa review the current aperations and hoperuily set 


engineering standards for the current and future projects. 


The MPDM system has four elements, the collection af data, 
the processing of data, structuring a model af the operation, ana 
the implementat ef the desired changes. The coilection af thre 
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Gata inmvoives four events: 
i. ime required to compiete production cycle. 
eo BPccurrence of proeductivity delay. 


=. ?Gtal cycle delay allocated by approximate percentages cr by 


documented times, if more than one productivity delay tyre is 
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Mund in a Given cycle. 
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ig Any unusual events that characterize a given produ 


The data sampling techniques are provided By Adrian Gn his own 
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ata collection forms. He takes in account five different types 
er delay: 


i. ENVIRONMENT 
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Tinese are the normal delay elements associated with most model 
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Gata and tre structured element by precessing the 
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system. he develops his calculated delay factors an 


praeductivity rates and predicts the new actusi productivity 
ates. fhe implementation phase now happens and with continued 


momitoring we develon and document the results. The idea behing 


tn iS tO increase the productivity on the documented projec 


fers 
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and develop same engineering standards far the future 
MEASUREMENT OF OUTFUT 

Praductivity in the construction industry in its generic 
form is simply defined as OUTFUT/INFUT. Some construction 
companies prefer the terms reversed so its INFUT/OQUTFUT which is 
not unreasonable. However, one is back to the same problem of 
determining how ta measure the input and output. The methods 
above show methods for determining engineering standaras of 


Productivity and methods for fieid observation, but do nat 
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implement systemic checks that would normaily be de 
as there is mo single best definition for productivity nor is 


there a single best method for measuring productivity. The Best 


puest * 


we can hose for new is industry standards and consistency. Tne 
first part of the productivity equation we will examine is the 


measuring ar the output. Befcre we describe some technigues for 
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Measuring output we need to clearly define what has already been 
Seluded to several times, work activities. The work activities 
are Broken down into the Work Breadkdown Structure (WES) and the 
associated cost accounting charts are established. The primary 
purpose of the WES and Cost accounts when used for productivity 
Burposes 15 in determinations af the number of work units and 


ater in coliecting and reporting productivity data. Remember 


bes 


the estimator established these accounts and guantities from his 
estimation. 

EARNED VALUE 

The first method of measuring the OUTFUT side of the 
productivity equation is the EARNED VALUE METHOD. Tre earned 


Value is a project control technique which compares actual 


accomplishment of scheduléd work and associated cost against an 
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integrated schedule and Budget plan. The earned vali 
uses an "intermediate milestone" concept in which a work package 


is subdivided into discrete activities. Winen Bach activity is 


ated quantity is “esarned" ar 


accomplished, a portion af the es 
Given credit in reporting production output, based upon the rules 
OF the credit weighing scheme. 

The typical activities involved in measuring Gutput using 
the earned vaiue method is shown in figure 3% fhe field 
measuring process starts, of course, after the construction 
drawings are issued to the work force. After the work Ras 
Started, the foreman reports the quantity of work-in-piace using 


eeeeily Quantity resort which is part of the cost accounting 


system. Subsequently, the data from the daily quantity reports 
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Issued for Construction (IFC) 
Drawings are issued to the field 
construction work force. 


Issue 


IFC Orawings 





Initiate Work associated with the IFC 
Work Drawings is initiated. 


Report Oaily Foreman reports the quantities 
installed using the daily quantity 


Quantities 
in place report. 


Rules of Oetermine Earned The Earned Value Quantity is 
Credit Value Quantity calculated based upon the Rules of 


Credit and the daily quantity in 
place reports. 





Suenine— 3 Earned Value method of measuring output. 


34 





are entereso into the reporting system. Then using the rules of 


credit and associated credit percentages the earned value of the 


The daily quantity report is nothing fancy (unless more 
Getail is required)? it requires the foreman to identify the work 
by drawing number and location, description of work and the 
amount cone. The cost account number should Rave already teen 
supplied or addeo later. Many organization recguire the foreman 


te place the account number on the quantity work sheet, but from 


ence of the author and the interviews conducted this seems 
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to be a draw Back tao the system. Tt opens the doar to mistakes 
in account numbers assigned and for inaccuracys rather 
intentianal or not. 

Qnce the daily guantity reports are received by the cost 
accounting department the work of comparisons begins. With the 


agvent of the micro computer this has been a much easier task. 


Using the summation of the daily reports the Actual Cost af Work 


Performed (ACWF) is determined, which is then compared to tne 
OriGinal Budgeted Cost of Work Ferformed (BCWR). The comparison 
provides the cost variance percentage: 

COST VARIANCE (4) = (BCWR-ACWR > /BCWP 
Bf course, this is only one of the many aspects of the earned 
Yalue system the construction manager 15 interested in. Some of 
the other aspects of interest are available after the 


establishment of the rules of credit and the definitiacn of the 
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Bete = BUDGETED COST OF WORK 
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Met = COST PERFORMANCE INDEX 
The Rules of Credit is a distinct feature of the earned 
Value method of measuring output. Tt is used to determine the 


ee 


Mearned" value of the output. The rules provide a simple But 
structurea method of allowing credit for partial completicn of 


work packages. Each firm has its own set of rules. The ru 


frvaedt 
ri 


Ss 
Of credit are especially important to the owner and contractor 
when the payment schedule is based on the amount Of work 
completed in each period. Careful evaluation and agreement on 
the Ailes oF Crecit must be completed during the contract phase 
See the project. 
The ether major equations of interest are: 
SCHEDULE VARIANCE (4%) = (BCWP-BCWS) /BCWS 

& CFI = BCWR/ACWP 
A CFIrl means that the work represented is under budget, while a 
CRiI2z1 indicates the work is over budget. 


TRe @arned value method is flexible enough to let tre work 
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elements being monitored to be as detailed as required. 


in mind the purpose of manitoring the work in detail is be: 


A 


ise 


| 
r 


you expect the returns to exceed the cast. fhe CFI and other 


indicators that can be developed but not reviewed in this paner 
Dprovice a very broad view ofr the oroject productivity. If any 


probiems develop, further investigation would Be required 


The flexibility of the earned value technique encourages 
management by exception. Variance thresholds may be established 
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which identify these variances that require formal and detaii 


enalysis and implementation of corrective action when exceeced. 
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As work progresses, management may adjust reporting requirements 


and focus on emerging critical areas in the WES. Work elements 


oh 


$255 concern may CGropped or reported on less often. The 
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earnec value system is a great warning alarm for productivity 
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SeoOooliens ([Mclonnell, 1985 
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The second methad af productivity output measurement is the 
estimated Fercent Complete Method. The estimated percent 
comepilete is a commonly used method Gf measuring cutput orimarily 
because eS the easiest and consequently the least expensive 


method. 


The method starts aut the same as most measuring technigues 


with tne (WES) and cost account charts. The primary purpose ct 
both is ta provide a structure for quantifying the number of 
tinits which is dene by the estimator again and later cellectines 
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nd repearting productivity data. As with the other metnocs th 
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number Of work units estimated is hopefully very accurate which 
provides us with ea starting place for monitoring productivity. 


Seen seomnencemenc of the work a eriodic evaluation of the 
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percent complete of each account must be made. This 


rt 


may De performed by anyone familiar with the work. UBviousiy the 
accuracy of the estimated percent complete depends entirely upon 


the person making the evaluation. Ideally we use the opinion of 


rtise is in the area we are 
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measuring CRarker, 1972]. Often, hovever, ene praject or crate 


superintendent evaluates the percent compiete for Gach account in 


tT 


pot 


S responsible area. Obviously, care must be taksn to ensure 
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that the percent complete assigned to seach accaunt is an 
ebjective evaluation, since the individual doing the evaluation 
may have = vestec interests in the productivity mumbers 


generated. THis is especially true an the project level when the 


feds 


ewner is paying By the percent complete of the project, and mey 
he true on the lower level if the crew is getting paid bonuses 
fer the amount of work performed during any given pericad. 

This procedure is clearly subjective and the accuracy of the 
result cepends upon the individual ’s ability and responsibility 
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ta judge the amount of work done. As a result of tnis, the 


asgegquacy of this method of output measurement for cantral 
DuUrpOSes 15 guestionable unless the guantities and assessment af 
completion status can Ge clearly defined. Frojects such as 
paving are sititable for tine percent complete method. 

Srother problem with the percent complete method is that tne 
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percent complet on a Given project does not necessarily ret 
the amount of effort expanded. Most estimates of man-hours to 
Output are assumed to be linear, as we all KEnow this is usuaily 
mot the case. This assumption is made for the ease of estimation 


and scheduling. Unis Gistortion Enrows Ene Ssroductivity 
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estimation and monitoring way out of ilne on a dai monitor 
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basis. For example, if you’re constructing an underground water 
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line you may excavated three hundred feet of line and had 
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expanded 50% af the estimated man hours but have only iaid 
the pipe and only are given credit for 10% completion. fo change 


Your construction method to lay the pipe as you go could be less 
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Peteieme, Wewever, you would get paid quicker increasing your on 
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iand momentary assets. 
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The primery advantages of the estimated percent complete 
method of measuring output, as pointed out by Mr. Sherman and Mr. 
McNair, 15 its simplicity and the relatively small effort or 
Manpower required to implement it. Hecause of its iow cost it 
tends ta be usec more on smaller projects and projects that are 
mot compiex and relatively straight forward like paving or Biock 
laying and require low overhead expenses. 


Using the percent complete method on more compiex projects 


ieads to distinct protiems with evaluating the percent cf the 
work activities completed and establishing productivity rates in 


Seoumciy mamm@er for the eonstruction manager to use during the 
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rating the parcent of the work activity completed arise from 
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Ying exclusively upon an individual ’s ability to evaluate 
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accurately tne work that has been done physically compared with 
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the efforts expended. The percent complete methad does n 


much flexibility for the common day change order which ch. 
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the Guantitieas and scope of the project. Unfortunately, 
easiest and cheapest method of measuring autput is the most prone 
LG errer in the construction industry. 

PHYSICAL MEASUREMENT 

The third methed of measuring productivity output is the 
Physical measurement technique. This method actuaily counts or 
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measures the number or amount of units of work complieted car in 
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ce. For example the number of yaras of concrete ac 


; or the number of cable trays placed. 
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Toa use this methad of m@asuring effectively, the follacwing 
criteria must be met: 
1. he work task must be detailed ana well detrined 
S. TRe work task must consist Gf Bulk quantity items. The work 
must Be Broken up into small unique work packages. 
Work tasks shauld consist of exclusively Gulk quantity items 
te facilitate measurement of work units completed. ‘output? 


Because of the usual mix of work elements and materials required 


augmest meyer eusea. feo 1s mat 
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project this method i 
peactical Le measure the items that need to be measured. The 
physical measurement method is only of use in fabrication shaps 
which are designed to mass produce bulk quantity items. 
Combining this productivity measurement system with others con e 
Yery large project and combining them all in weighed multifactor 
cn 


roductivity rates wouid be very useful. 


mary advantages of the physical measurement 


jude 


The three pr 


Saiiled, ana 
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methed Gt measuring autput 1s that it 1s the most det 
1s; therefore, réliable for both future estimating and project 
cantroi purposes. It 1s relatively objective and coes mat 


equire the subjective opinion of the estimated percent methad. 


The third advantage of this method is that an audit of the 
reported praduction output is easily accommodated. The primary 
probiem with the physical measurement method is the cast of data 


fae 


coilection and its limited use on constructian projects. 
MEASUREMENT OF INPUT 
The paper has now defined the output side of the 


censtruction productivity equation, and Khas shown severai methads 
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to systematicaily keep track of the output units. Now the paper 
focuses our attention on the input side of the equation. 


Tnput involves the tracking af the costs and man-hours 
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esociated with work produced. It may be classif 
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work and indirect work accounts. The method of determining haw 


the input is classified may have a significant effect upon ¢t 
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rece lator 
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measured input value. The most common dei 


i6 labor which directiy contributes to placing material in place, 
Such as inmstailing windows. indirect work 15 commonly cetined as 


the work or effort required to support the direct iabor. An 


example would be delivery of the windows to the job site. fhe 


major Gifference between the two 15 the direct work is used in 
cetermining the measured input value and used for the 
determination of the productivity rate. The indirect labor is 
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maintained and classified in another accaunt and is na 
inciuded in determining the input value associated with the 
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fe tlated unit productivity rate. Clearly the classification 
Semem= cam be different for each contractor and is a function o 


the code ef accounts and the Work Ereakdown Structure developed 
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ore the project started. 
The two methods cf input accounting that we will investigate 


the Man-hours method and the Dollar method. The abvicus 
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#ference is the unit of measurement. Hoth are commoniy usec 
throughout the construction industry. All the interviewed 
companies used this method. | 

MAN-HOUR METHOD 


The Man-hour method of measuring input is the most cammonliy 
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used method in the construction industry. Figure 4 shows a very 


simple flow chart of the method. The man-nour method requires 
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the foreman to assign, on a daily basis, the number of Hours Fi 
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craftsman worked on the individual work element. Some compan 
actuaily reguire the foreman to assign the appropriate cost 
accounts using the project cost account charts. Some companies 
have gotten away from Raving the foreman assign the cost account 
numbers and only require them to write a brief description of 
what they did. The assumption is the cost engineer people are 


fCllowing the project closely enough sa they know what area a 


a 


the project is being worked on just by reading the description or 


aA 
fate 


Y1isiting the work area. The method of Raving the cost engineers 
assigning the cost account numbers hopefully avoids the mistakes 
made assigning man-hours to indirect accounts and to the padcing 
of same work element accounts. If one mistakenly assigns man— 
hours to the indirect accounts you defiate the productivity rates 
of that work element. This not only arfects the current project 
but also the projects to follow if your using your historicai 
data to estimate projects. The foreman likes this method pecause 
they no longer have to know the cost account numbers. 

An important activity in the input measurement system is a 
review or audit of the daily timesheet generated by the toremanr. 
This review is performed by the cost engineer and the 


superintendent and is done to ensure proper coding of the daiiy 
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ets im accordance with the project cost account charts. 


it is obvious that the validity of the entire productivity 
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ystem 15 predicated upon the assignment of man-hours 
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Craftsmen Perform 
Work Activities 


Foreman Assigns 


Manhours to Each 
Account Accounts 


Daily Timesheet: 





Review by Cost 
Engineer or 
Superintendent 


Enter Data into 
Reporting System 


Manhour Report / 
Payroll 


Figure 4 #Manhour method of measuring input. 
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ta the correct cast account code. Many a superintencgent has 


pulled out his hair trying to get the cost accounts straicht once 


1) 


they have Been improperly kept. There never will be proper 
representation of the productivity rate performed by the laborers 
4* they are not kept saccurate from the start. 


DOLLAR METHOD 


Tre Doliar method of measuring input is not 
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except in the commercial construction industry. 


The doilar method begins exactly the same as the man-hours 


method, the difference being that the dollar method includes wage 
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rates in measuring the input. The method assigns a dail 
wnich represents all iabor costs associated with an individual 
Fost account. 

Tne most significant feature af the dallar method is that 
two variables, man-hours and wage rates, are used in determining 
the input associated with a given autput. A change in the 
composite wage rate ar crew mix may Significantly affect the 


Yalue of the input. For example consider a crew af 4 labars 


Ny 
tate 


moving mesonry bicck. They worked tour hours moving Giccks, 
fee OO/mhr each. Tt cost the project ¥112.00 to move the Slock. 


Now suppose a mason was nelping and now there are oniy three 
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labors. The itabors are still getting #7.00/nr But the mason 
Setting Fizst.00/hr. Tt now cost $122.00 to move the same stack of 
eo lock. 

A comparative analysis of the man-hours vs. doliar metnads 
Of measuring the input reveals that the primary difference 


between the two methods is that the man-hours method focuses 
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might tave upon the input value. It may be more difficuit ta 
compare different projects using the dollar method. Peris aise 


mt methogs. 
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hard to compare the same project using the two differ 
The project was Built for a given amount of money, yet depending 


if 
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on which productivity measuring system you use (remember you h 
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any combination af denominator and mumerator?) you could have 


mumeraus different productivity rates for the same project and 
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the same crew. Now take into account the concept of diract and 
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Meoireéet work and it Classification and its various farms 
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between contractors, owners, and specialty contractors. The 
problem of standardized productivity rates even for a single 
company becomes extremely clear without taking anything else inta 
SBecount. 
PERFORMANCE EVALUATION TECHNIQUES 

There are two primary purposes for measuring productivity: 
First, to provide the construction manager the information 
required for controiling the project schedule and cast. 
Second, to provide the company and tne estimators with the 
information and data required for estimating future projects. 
Ferformance factors are a measurement of the productivity of the 
construction effort as compared to the estimated effort ana the 
budget. Ferformance factors merit discussion Gecause cr their 
considerable power to aid in controlling the project. 


Ferformance evaluation techniques can be categorized as 
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performance tractors and input utilization techniques. 
Considerable attention is given to performance evaluation 
technigues, particularly performance factors, by the constructican 
industry because they are a very useful tool for controlling Both 
project cests and schedules. The popularity of the input 


utilization technique such as work sampling, foremen 


CL 

iu 

forma 

ni 
a 


surveys, etc.) are increasing due largely because cf 
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Given them by tne CICE and CII CSummary, if623. Utilizatisn 
techniques are not used on a larger reguiar basis tram the 
information I was able to obtain through interviews and research. 


rERFORMANCE FACTORS 


Ferformance factors can be defined in many weys. In order 


tG simplify comprehension and expianation of performance factors, 

the foilowing assumption 1s made: The unit of measuring input is 
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man-hours. Based upon this assumption, a performance factor may 
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me defaned by either cf two methods. The most commonly wu 
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number of earned man-hours divided by the number of actual man- 


hours associated with a particular cast account. This i wnat 
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Makes pertormance factors so easy, because the inftearmation 


required tc develop them is already on hand 17 any cost 
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is being used. The number of earned man-nours 
is Ccaiculated by multiplying the earned quantity, described 
Gariliter in the paper times the estimated ar Budgeted unit man-— 


hours productivity rat 
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FERFORMANCE FACTOR 
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GUSNTITY INSTALLED) xX ESTIMATED WNIT MAN-HOURS RATE 
ACTUAL MAN-HBURS 


The actual man-hours ri 
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present the input associated with the 
Quantity of Work-in-place. The second method of describing a 


nerformance factor 1s defined as the estimated or budgeted unit 
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FERFORMANCE FACTOR 


(WORE QUANTITY INSTALLED) X ESTIMATED UNIT MAN-HOURS RATE 
ACTUAL MAN-HOURS 


The difference between the two measurements is that the former 


uses the calculated earned quantity and the latter relies upon 


in 


the actuai guantiti installed. 
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TRe first method of determining the performance factor is 
most commonly used in the construction industry TRE primary use 


far project tontrol and foresecssting. 
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Se performance factor 
We have shown earlier how to develop the output and input side af 


the equations. We have also talked about developing engineering 
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standaras of productivity, referring to the estimated unit man- 
hours rate term in the equation. It is important to stress that 
an accttrate estimate of the budgets praductivity rates for each 
account should be mace for tne reason of USEFULNESS. The 
pertormance factor is useless if the productivity rate that one 
is Basing the compariscn on is inaccurete. 

The performance factors are most efficient when trackec over 


short pericds of time and are maintained cumulatively to averace 
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out any high or low rates. This allows the construction manag 


Beememticear Both short term and long term productivity. The 
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periodic performance factor provides a measurement af short 
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Broductivity or the latest reporting period exclusively, and is 


usec primarily far immediate project control purposes. Far 
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arge drop from one reporting period ta the next 


reflects 
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ignitficant reduction in productivity, which shouid 


cause construction management to investigate what circumstances 
may Have catised the reduction in productivity and what corrective 


action may be required. The cumulative performance factar 
provides a measurement af lang term productivity and is used not 
Oniy for tang term project control But sisne for trending and 


Forecasting purposes. Based upon historical data from previous 


mf 


erojects, an expected cumulative performance factor profile can 
be Gevelapec trom which we can, with reasonable accuracy which 
aliows us to compare previcus projects to tne existing prejects. 
TRe predicted value allows the construction manager the ability 
to evaluate the expected oroductivity and expected oversil cost 
of the project. 

INFUT UTILIZATION 

The input utilization technigues are gaining popuiarity 
Within the construction industry and some have been used for a 
i16nG time with varying degrees of success. Vint Sith ro ac on 


LEecnniques, as an indicator of productivity, evaluate aniy the 


ie 


aN, 


= 


I 
rr 
pote 
jot 
. 
ti 
poet 
0) 
= 
0 
“; 


the input resources and the effecient use ot 
input resources But do not consider the corresponding output. 
Mis] Principal input utilization techniques are: 

es Work sampling 
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PivVe minute method 
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Work sampling is an activity measurement technique that 
determines the percentage of time that the labor force spends in 


predetermined categories af activity. Work sampling is 4 
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Statistical sampling procedure that requires collecting 
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mumber of random samples or observations of the activities of th 
craftsmen or equipment. Normally, a large number of random 


arene © t 
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samples are a small percentage of the total project a 
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Slanning the mumber of random samples to be taken, you must set 


tne contidcence level desired. For example, in planning for an 
absolute limit of error, Sn, of plus or minus 44, at a SRecitfisa 
fA confidence level. The number of observations required, ni, 
ays: 


n= K2 FCi-P) 
Sn 2 
When an observation is made, the activity 15 classified ints 
predetermined categories of activities that have been seiected 
because of their pertinence to the nature of the work tfhomas, 
17es3. From the proportion of observations in each category, 
inferences are made regarding the total work activity. the 
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is that you can have your evaluation of 
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Diggest advantag 
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effectiveness in minutes, or hours, rather than cays or week 
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The reaction time of the construction manager 15 great 
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A Work sampling study can Ge tailored to fit a variety of 
cdifferent objectives. The need for objectives are paramount to 
the success of any analysis. To obtain good results some other 
General rules for work sampling must be observed in sampling 


mmemscruction workers. 
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ats Every workman must have the same chance of being observ 


2. Cbhservations must have mo sequential relatienshic. 

ae To preclude any bias, the rating must be made at the instant 
Beek man i5 first seen; the observer must met rationalize con 
wnat tasks the workmen have just finished or what they are 
about to do next. 

4. The Basic characteristics of the work situation must remain 
the same while tne ochservations are being made; likewise, 
comparisons among sets of observations are vsliid only if the 
WOrk situation 15 substantially the same. 
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last rule seems difficult to achieve, however, mast trained 
observers can observe their subject 85 to 95 ~ of the time before 
they are seen CParker, 19772]. The analysis of the sampiing is 


done by a professional and put into a table or graph like the one 


im figure 3. Work sampling 1s a useful tool ta measure the 
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productivity activity of one’s labor crews with very quick 

Ss for the canstruction manager. The disadvantages being 
they are often thought of as an audit. This results in cefensive 
attitudes, criticisms, and resistance, all of which harm the 


effectiveness of the study. The next problem with work sampling 


te between productive work being 
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being that it cannot differenti 
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Observers on the same project or a different project. Mr. She: 


Giscussed the results af a work sampling analysis on his proj 


t did not help the construction manager at all and 


Jude 


and found 
Oeniy made the project team mad. The results were not clearly 
presented to the project staff before release to the company 
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meeaquarters; therefore, the project team felt the measuring 
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Nevertheless, successful work sampling programs hav: 


re there has been careful attention to the det 
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implemented whe 

Of hew the program was executed and presented to those invaly 
Several types of Work Sampling techniques are in use and 

they vary only in the degree of sophistication. One of the 


Simpler techniques is the Field Ratings. TRis technique regu 
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Oniy that the activity of the workers be classified at the mam 
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mr observation. Two classifications are 


Beerking’ and “not working” in a useful activity. Tne basic 
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rules for 2a simple field rating metha 


es Peehameceat counters shoulc be used. Une records the worki: 


iMaporers ama the ather records the total laborers. 


=. The count should cover all iaborers. when Grester cdetai 
desired, counts should be reported Gy crafts, area, anc 
crea. 

eh The person making the count should devote his totai 
attention to the count while it is being made. 

+. he rating should be teken at the first instant oF 
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observation. 

= me person doing the counting must understand the reasons 
Tor Maxing the count and should be trained in correct 
procedures. 

5. PO record normal activity for a project crew, counts should 
Wemmiegim  tmtii at least Ralf an hour into the work day. 

7 Mo counts should be discarded. 

To gusliitfty as “working,” laborers should be engaged in such 

POCiVities as: 

i. eae material or holding cor Supporting material. 

. Participating in active physical work, including measuring, 
bay Out, reading blueprints, writing orders, etc.... 

eo Providing directions to cther laborers 

Activities sucn 4s tne following would be iisted as "nat 

Working". 

a Waiting for another to finish work, warting for 2 taol, or 
Walting for instructions. 

ce < Talking, sipping coffee, etc... 

e . Driving aimisesiy in the company truck, or riding in the 
back of a truck driving aimlesstiy. 

MB single field rating is merely an indication of possible 

Sroolems and no single rating 1s a conclusion. fhe crews wili 

Peerm very gquickiy who is doing the counting if it 15 always che 

Same person or the same truck driving slowly around the site. i 

You have special color hard hats for management the laborers wii 

S62 you a mile away if they are mot working. The count will be 

fiawed if not thought out before hand. f the crews are working 
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Will Gat netics Management approaching Because they are tas 
to worry about it. However, the fact that the laborers know 
ement 15 interested in the productivity af the individual 


S$ Willi Be worth more than if management showed no interest 


TRe five minute rating technique is even quicker and less 
than tne field rating method: even so, it is an effective 
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general work evaluation. The five minute 
a technique is Based on the summation of the cbservatians 


reliability of work 
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y too smail to offer the statistic 


ting. he purpose cof the five minute rating technique is: 


TS Create awareness an the part af management of delay in - 
job and to indicate its order of magnitude. 
To m@asure the effectiveness of a crew. 
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QO indicate wheres thorough, detailed planning could 
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“esult in further savings. 


ive minute rating counts two types of delays: 


Delays that impede the progress of the jab. 
Delays that do not affect the progress of the jot But oniy 


the cost 
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ake 2 five minute rating, the observer must place himse 


Sition from which he can observe the whole crew without being 
Conspicuous. In this way, the men will not be aware of whois 
coserved and will not react to nis presence. Fer smali 
working in close proximity to each other, all are observed 
2 same time. Large crews can be mentally divided into 
Cups for Base of cbservation. Fach groups is then cbhserved 
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for a pericd af from 20 seconds ta several minutes, and th 
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OF Gelay., or nonwork, ta total observed time is noted. I7 the 
delay exceeds SO 4 of the period of observatian, then the block 
of time for Seth man so cbserved 15 ciassified as 2a delay. T+ 
the delay does not exceed SOY it is ciassified as effective. The 
five Minutes rating is named this Decause as a rule of thumb mea 
crew should be observed for less then five minutes. 
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AN acgeguate knowledge Gf crew effective 
acnieved By making four separate five minute ratings in a day, 


two in the morning and two in the afternoon. AN experienced 
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Gbserver learns to judge whether longer or additianal studi 


&a Ggualified, trained observer watch the crews and measure their 


productivity without the crews Enowing they are being observed. 


The benefits are professional cpinions on the effectiveness of 
the labor input: meaning the direct time of work to nonwork. 
Hecause sa crev is busy does not mean it 15 productive. The rive 
minute rating can give the construction manager additional 
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pmvormeation and possible insight as to the labore 
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Bbout input utilization is the Foreman Delay Surveys (FES). The 


Hasic premise of the FDS approach is that the foremen, wno are 
Ciosest to the work, can best identify and estimate time iasses 
at the end of each day. Other tyres of Studies have shown that 
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-oremen’s cantra 


TRe prominent features af 


[sthakive actic 


Sources of construction inefficiencies are the delays from 
Gf materials, tool information, etc, which are often outside 
oremen’ s control (Rogge, i982 and Tucker, 1982]. Thus the 


iS 2&2 Simple methad of measuring the influence of 
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ne foreman celay Surveys are: 


They proavicge current estimates. Information is reported at 
Resid of each day. 

They can canvass an entire project, rather than just a 
sample of the work force. 

They are inexpensive and easy ta administer since oniy five 
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minutes of a foreman’s time is needed to complete the farm 


each day. 
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Materials 

Equipment 

Tools 

Pee =emacion Cr Cirection 
PC inspections 

Other crew interference 
Waiting for transportation 
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They identify Gelay difficulties By crate ana crew, enabling 
management to direct attention toward crafts that neec 


assistance. 


They provide a mechanism for two-way communications between 
project management and foremen. Follow-up meetings toa 
discuss survey results permit discussion of identified 
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The delay form usually covers nine categories with a tenth one 
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tified by the foreman. They area 


F 


the average work sampling categories. Of course, the categories 
can be changed to fit the individual projects needs. 
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Foreman delay Surveys are easy ta administer: but, 


TAings on a construction site, they just don’t happen. The 
Foreman must nave a ciear understanding of what the construction 
managers expectations are. All the foremen must know that the 
as Ree ram has full management Support. Accuracy must be 
emphasized each day. We should limit the time period of each 
Survey to no mere than one wesk per month or the etftect ar the 


surveys wiil gradually Be minimized. The survey will became just 
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another useless renort rar the home offic 
iave@ oa clear understanding of probable benefits to Khimself. He 
Ras the mast to gain in thre srort run. They must understand 


che FDS proegram is not an evaluation of their performance Gut a 
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way to remove roadblocks to their effec 


Mace Simple and easy ta follow. The results must Bbe published 


ang acted upon and ne one should be ailowed to siip a Tew cays 


With Lneir report submissicn. 

The FDS is implemented through a five step program: 
First, foreman orientation; this fifteen minute to an hour 
meeting lays the ground work for a Successful program. Sn euigis 


meetings should be held to include all forsmen in groups of 
[mer ey or tess at Ss time. fopics to pe discussed shovid inciude 


the potential benefits to foremen, management expectations, haw 
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LHe survey works, review the form and timing and channeis for its 


collected daily. 

TRird. delay report summary; reported delays and rework should te 
summarized By category and by craft. 

Fourth, review the results; a mesting should be held with the 


Foreman to review the summary of delays and rework as soon as it 
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Gaii enough meetings should be held ta bees 


3 
the groups ot fcoremen small. The meeting is not & finger 


Pointing session. This meeting is very important. lt reassures 


che foaremen that you have taken their delay resorts and dane 
something constructive with them. LEeeroevices em apperitnity ts 
obtain specifics about reported problem areas and a forum for 
Giscussing fpotential solutions. The motivational aspects af this 
meeting will Be ciscussed later in Chapter Four. 


Fifth, take visible positive action; a highly visible improvement 
im cperations implemented By the construction manager as a resuit 
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or foreman suggestians will dao more than anything eise ta 
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Senmvin oreman that the FDS program is worthwhile and that 
management will do its share to improve labor productivity. 


The FD 
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bregrams implemented to date recommencs manthiy 


Cycles of the FDS program, with the opening meeting being Shortsr 
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miter; tnms first LTucke 
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, 1992). 


The development of the foreman delay surveys grew out of the 


Deiief that helping the foremen and his crew do their jobs Better 
mea Vey gmportant key to improving construction efficiency. 
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accomplished without outsiders 


coming onto the job site daily and cbserving: therefore, the FDS 
program is less threatening to the work force. The FDS program 


25 Often Fun concurrently with other productivity measuring 
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programs such as work sampling, witn the help of the constructi: 
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manager the obstacles identified by the FDS program can be moved 
from the foreman‘’s path. This should reduce their inefficiency 
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o motivate them to work smarter. The FDS is not a 
Substitute for crew level work sampling and time-lapse 
photography. TRese methocs are still most useful for merhods 


improvement studies CRogge, 19782). 
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AS mentioned early Frederick Taylor who did so much rese 
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Can Givige the work up into enough discrete, programmecac pieces 
end then put the pieces Gack together in a truly optimum way, one 


would then have a truly top performing unit (Fetters, ito. 


fred 
l 
{J 


Stopwatch studies come from this basic idea. Hoe 
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Pee at ted record of the current method that shows exact 
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Bork is Being done. This may vary with how it 15 su 
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sane or how the job was planned. 

The stopwatch study requires the minimum of equipment, But 
unfortunately its results are limited by the proficiency and 
training of the operator. This technique is the cheapest and 


astest way to record 4 specified sequential event involving one 


Cr two men and/cr a piece of equipment. 
Peers cataonms Gt stopvatch studies are numerous starting 
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with the precise description of the work activity that must be 


nme observer. The observer must 
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Gecide instantly when one phase cr cycle stops and another 


Begins. When the construction activities are not clearly 
Separated and cycles are irregular, in order and type, there can 
often Ge cifferences oF opinion as te when one phase is completed 
and tne next begins. 


Another major factor that must always be considered in great 
cre 


detail and with gieved hands, is the reactian of the WS LG 
stopwatch studies and for that matter time-lapse studies which 


Will addressed in the next section. In the past, there nas been 


strong rveactians against m 
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magerial attempts to expiosit the 
worker By using work improvement studies. This is indicated by 


the congressianeal prehibitiaon against stopwatch studies at 


federal aqovernment employees in every Budget appropriation from 
17is to 1747. The effort must be made to convince the Laborers 
that the stcepwatch study is not an evaluation of their individual 


productivity and srmould never be used as such. 


A more significant error in stopwatch studies of Larger 


Me 


groups of pecple and equipment is that one observer could have 
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Meme timing watching and recording the activities of many peopl 
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eo equipment. If the cycies are exact and he is only measurin 
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the complete cycle time than this is not a problem. For a 
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Semeral rile, however, it is inherentiy difficult for a 
Mefse-ver to accurately record any operation that involves many 


components. We either increase the number af observers ar 


Gecrease the scope of the description of the work activities. 
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There are numerous other limitations and short comings to 
the stopwatch method of measuring construction productivity. In 
spite of its limitations, however, the stopwatch study is an 
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extremely useful tool, especially in instances where oniy one or 
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pernfiaps a few Plements ar components are to be observed. 

The final input utilization technique we are interested in 
is the time-lapse motion pictures. This method nas aiso been in 
Mee im the construction industry for some time. Tt is 4 very 
r@liadle method to measure the productivity of a labor crew over 
an extended Hperiad of time. It had been used By the majgority of 
the Companies interviewed at some point in time. 


Over a period of many years, the time-lapse camera has 
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interreiatianships among these caomponent=, and useful as 4 
permanent, BSasily understandable record. Tt has also proved 


ntremely valuable as a means By which foremen and other 
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SUpervistory,y EPerscmnel can study and improve their ja 


resorting ta the detailed formal work improvement techniques. 
The safety of the working techniques can be reviswed easily. An 


mours worth of wark can be reviewed in two to four minutes 
Genending upon the number of frames per minute selected. 


The majority of the short comings of the time-lapse methead 


have been eliminated with the advent of the Video Cameras. The 
expense fas been greatly reduced. The past major disadvantage 
was the cost af the equipment and film development. Now Gays the 
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to six hours oer 


cassette. The zoom lens desired arse Built in along with a2 
microphone. The level of technical knowledge required for 
Bhotegraphy is extremely simple with the new cameras. The 
technical problems af time lapse productivity method have be 


eliminated. 


See emamsloeraticon 
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ih The purpose and objective of the study should be explained 
to the foremen and crew before the start. Without the 
cooperation, the otserver will be unable ta pertorm his ica 
efrectively. 

Ee. The observer should be introduced to the workers by the 
TOoOremen. 

ei The camera location must be prepliannec. The camera shouid 
be slightly higher than the work location. The view of th 
work site must be clear. 

4. Seliecticn of the study period should consider ail the 
Pmeecmriplions. 
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for time-lapse studies are: 
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ate Time intervals between frames should be from one to threes 
Sseconus depending on the level of detail desired. 

i Motes pertaining to activities outside the camera range can 
B= recoracc om the fiim By talking into the microphone. 

ey Tt is helpful to record names, locations, times, fiim 
speecs, and all other relevant details on the film. 

ot A continuous time recerd can be made by placing a large 


— 


clock face in. the viewing range of tre camera, or By raving 


the manufacturer place an internal clock in the video camera 

ee Of course at extra charge. 

The use of time-lapse study has dropped considerably in the 
recent past partiy BGecause of the problems involved with the 
Cicer Camera Baulipment and the technical level required ta do the 
photograpny. With today’s video camera the time lapse studies 
Will be more and more popular as the construction industry wakes 
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up to their potential use [—Drewin, 19824. 


WHITE COLLAR PRODUCTIVITY MEASUREMENT TECHNIQUES 


Very few studies has been done in tre construction incustry 
on the productivity of the "professionals" meaning the engineers, 


cost engineers, and construction managers. The American 
ivity Center seems to be the leader in white collar 
productivity stucies, seminars, and measuring techniques. Very 


few of the studies have involved the construction industry CAFC, 


peo/). 
Peso tette Mistorical data 15 kept on man-hours spent on 
engineering projects. Most engineering estimates are made fram 
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the expert’s experience with no real statistical Back-up or 
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Bevan aCeiuracy. The engineering managers and estimators rely 


aimost campletely on past personal experience. During tne 
interview with Mr. Griffths, he explained that each engineering 
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Une of the white collar performance methods found is used by 
the Tennessee Valley Authority (TVA). The reason that 
productivity measurement has been sao difficuit in the engineering 


2C2@ is because the primary output is information. Some aot the 


more tangible outputs ar 


ITI 


drawings, precurement, anc 
Sseecifticatiaons, which do not truly reflect the total service 
rendered By engineering office. The input side of the 
Proacuctivity equation 1s the same as before with either a man 


hours or collar figure. 


in most engineering firms it is far more important ta 
measure tne effectiveness and efficiency level that relates to 
performance than to concentrate on productivity. Many firms have 


Found surrogate output measurements such as profit rates, 
Gueaiitty, and customer satisfaction. Very few engineering 
ompanies nave found a form on how to measure performance of the 


Bmganization. 
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ee ee eS Soe Cmeetiae Measured and developeac a set of indices 
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trat gave trends af performance. The three trends used were: 
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accra comparison with other A/E firm's rate 
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ie Internal rates in the affice af engineering with past 
performance. 

z. . PO@@teer ant Client satisfactian. 

Each trenc fad numerous indices for example. They develoned a 

second set cf performance indices such as actual expenditures 


Versus Budget, billing ratios and etc... 
The averview of TVA’sS performance measurement system was = 


Commitment Management System. How well commitments made are 


feds 


being met. The commitment was considered met when ail work 


previausly agreed to by both the engineer and client wes 


compieted. If the client never complained aor voiced an opinion, 


Meaning silence constituted acceptance, then the commitment was 


mc CLArmentrout, if86]. 
The Cgram has received alot of Higher management support 


and although parts of the system are overly simplified, if is an 
effective trend measure of professional productivity in an ares 


that Mas always been hard to measure. Froductivity management in 
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am engineering firm or GrGanization is possibie althaug 


The most commonly used productivity measurement of the 
construction managers is the professional evaluation By upper 
management. For many years efforts have been almed at improvine 
productivity of the laborers thru several aporoaches some of 


woich have been supported by labor and some have not: 


aes Substitution of equipment for human eftort. 
ee Improved methods of work. 
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CHAPTER THREE 
INFLUENCES ON PRODUCTIVITY IN CONSTRUCTION 
INTRODUCTION 

In the past two chapters the paper has stated the importance 
Of productivity on society, reviewed the various definitions and 
their relative applications, and have shown how it can Be 
measured. Now the paper will investigate the various "externai" 
influences on productivity in the construction industry. 

There are the experts who feel an increase 1n Braductivity 
ot the Peeecine can be achieved “through an endless stream of 
Hawthorne effects."([Peters, 19732] Hawthorne was a plant in 
Chicago where for five years social scientists experimented with 
worker productivity. The great observation made about the five 
year study was that the worker productivity increases were reaily 
based on the amount of attention given them and not so much the 
imnovations developed to increase productivity. This was shown 
through increasing the light level for the safety and comfort oft 
the workers which brought about an increase in their 
productivity. Several months later, the workers were toid in 
great detail how the lighting was too bright for their awn satety 
and comfort and the light level was dropped. Once again the 
level of productivity increased [Drewing, i1973821]. 

The Hawthorne affect may be applicable in small control 
grsups but not directly applicable to an industry. Especially an 
industry as fragmented and diverse as the canstruction industry. 
There are numerous "external" influences upon the productivity 


of the construction industry. When external is used, 1t 15 meant 
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not controllable by one construction manager or one laborer or 
one company. They are infiuences that are industry wide such as 
government regulaticn. 
OPPORTUNITIES FOR IMPROVEMENTS 

The opportunities for improvements in the construction 
industry are as great as they are varied. With so many sub 
specialties, hundreds of thousands of general contractors, and 
millions of workers, there should be many external ways to 
influence the productivity on the construction sites. Many of 
the cost saving ideas of improvement are simple yet still not 
properiy used in the construction industry as a whole. A small 
sample of the ideas are listed below: 
Constructability reviews 
Use of more efficient equipment and tools 
Contract modifications 
Employee Erfectiveness 
Research and Development 
Improved materials 
Trained Labor force 
Computer Simulation 
Prefrabication 
Robotics 
Safety 
E?#ficient government regulatians 
Production management 
Marketing 
Standarcgized Productivity measurements 
Standardized Industry data and statistics 
Equipment capability and capacity 

The most interesting study done recentiy, which was 
conducted by Dr. Mckee from the Chicago Institute of 
Productivity, was based on a survey sent to the largest 4090 
contractors according to the Engineering News Record. The survey 
Was first conducted in 1979 and again in 19782. TRe return of the 


ey 


ave seias 4a CisSsappormting 254 in 1979 and 154 in 1983. The 
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results ars fascinating and are at ieast representative of the 
construction industry attitudes. The surveys found the answers 
did vary greatly with the size of the company (CChoromokos, itdi 
ome LIitTRI, i9874. 

The universally agreed upon area for the most improvement in 
the i979 survey was in the area of marketing. This is not 
Surprising since this survey was taken during hard time in the 
construction industry when jobs were few. Several interesting 
articles have been published recently dealing with the topic of 
eeting ae the construction industry. Marketing, which has 
been used extensively in the manufacturing business for years, is 
yery applicable to the construction industry. In the past, each 
company has relied heavily upon reputation and trade magazines 
for their sole source of advertisement. Today every company 
including the small contractor with local flyers are learning the 
marketing business (Fortune, i19784 and Groob, i987]. Another very 
interest response was the difference in views between the targs 
contractors and smaller contractors in the area of training, 
estimating, and scheduling. The large contractors in almost 
every category rated this item lower on the potential for 
productivity increase scale then did the smaller contractors. rt 
is obvious that the large contractors feel they have hired the 
best in the industry, in way of estimators and supervisors, while 
the smaller contractors feel like they can improve upon their 
estimators and supervisors. The results are not Surprising since 
the larger contractors can afford to pay the higher salaries for 


the more talented peopie. The contractors are universal in their 
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agreement on the potential for productivity improvements with the 
modification of government regulation. 

Regarding the issue of unionized labor the cantractors were 
all very nard line in answering the survey. The authar stated 
after talking with individual contractors face toa face many of 
the presidents and vice presidents softened their opinions on the 
amount of productivity improvements that can be gained through 
the unions. However, those companies that Roeked a lot art 
government contracts felt strongly about the Davis Bacon Act and 
how the a treat the Davis Hacon Act. The impact of unions 
on productivity will be dealt with later in this chapter in 
detail. 

Although the advances in equipment in the last couple af 
gcecades has been great, the contractors all feel there is a 
medium potential for more improvements. One of the most commonly 
mentioned areas of opportunity for productivity improvement is 
the replacement of labor with equipment. Unfortunately the 
attitude we instill in the laborers sometimes reflects the 
unimaginative way with which we occasionally appraach the 
productivity issue. Anyone that has worked awhile in the 
construction industry has seen a group of labcrers with their 
supervisor wait for a piece of equipment several hours for a job 
they could have done manually in a cauple of minutes. 

One of the areas polled in the survey 1s how the contractors 
feel about the potential praductivity increase with the use of 
ReBetics, wWhichwas another issue covered later in the 


chapter. 
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The surveys conducted by the Chicago Institute of 
productivity serve a very useful purpose in highlighting the 
issues and attitudes in the construction industry. Hopefuily 
with time the survey respondents will increase in number rather 
than decrease (CArditi, 1985 and Chaeromokos, 19813]. 

RESEARCH AND DEVELOPMENT 

Numerous studies have examined the relationship between 
productivity and research and development (R&D). Most 
researchers have expressed the relationship in terms of a rate of 
return _ Sey invest in R&D. Although various researchers have 
Calcuiated widely different rates of return, aimost everyone has 
found that the rate of return is positive ( 1.e., money invested 
in RZD produces savings from increases in productivity that 
exceed the investment). 

The fact that R&D can contribute to higher productivity has 
been recognized for many years. Thus, in the past when 
productivity problems of the construction industry have been 
anaiyzed and discussed, one frequently identified cause has been 
insufficient R2D CSummary, 199392]. However, because investments 
in R2D can contribute to productivity growth does not necessarily 
mean that the converse is true: that stagnant productivity is 
Gue to inadequate investment in R2D. In fact, various reasons 
beside insufficient R&D have been given for the lack of 
productivity growth in construction. For example, the lack of 
investment in capital eauipment, the fragmentation of the 
Construction industry, and out—-of—-date-management to name a few. 


It is possible, however, that many of the contributing tactars 
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mentianed and alot not mentioned may not have been a probiem if 
more R&D had been performed, particularly R&%D relating to the 
Management af construction. 

Hsing 1984 numbers as a percent of sales, the pharmaceutical 
industry spent adout 74% an research, the aerospace and automotive 
industries spent about 4%. The Japanese construction industry 
spent about 2% and the United States construction industry spent 
about 0.01% on Research and Development. This compares with the 
amount Gf research and development done on razor Dlades that year 
Baox ., 1984]. The amount of money invested in R&D in the Unitec 
States has become a considerable to concern to some of Gur 
trading partners. The research and development program in the 
United States has been rated as pathetic as recently as i754. 

As part of the studies and findings of the Husiness 
Roundtable construction industry cost effectiveness project, much 
needed emphasis on R&D in the construction industry has now been 
placed. The money that iS coming in now from private business is 
not overwhelming, However, it is much higher than before the 
Business Foundtable reports were released. The Federal 
acvernment is also getting involved with the National Science 
Foundation calling for ways to spend the 1.5 million doliars in 
federal grants from 1785 CENR, 1984]. The Federal government has 
a very large stake in the productivity of the construction 
Business, not only from the role as big Brother, but also as a SO 
billion deallar a year client. The productivity centers ana 
institutes are playing a leading rule in awarding and monitoring 


the R&D being conducted in numerous areas. The trend for smail 


eS 


contractors to participate is still not encouraging. None of the 

interviewed companies with the exception of Bechtel contributed 

any funds to research and development. Some af the reasons are 
listed: 

1. A Beliet that on site construction is a service industry and 
that responsibility for conducting construction RZD rests 
primarily with the manufacturers of the equipment, products, 
and materials used by the industry. 

=. A belief that it seldom pays a construction contractor to 
PeRuWeE RED because the results of construction related RZD 
generally can not be patented, and competitors will quickiy 
learn of and use anything worthwhile that is developed. 

>. A belief that overhead expenses like RZD must be kept tao a 
minimum in order for a construction firm to survive the 
periods of low activity that are common and inevitable in 
construction. 

4. A belief that anly very large organizations can afford to 
conduct RZD. 

Of all the money being spent an R2D in the construction 
industry, the Business Roundtable found that manufacturers of 
construction products and equipment probably account tor almost 
69 percent of all construction related R2D in the United States, 
government agencies for about 18%, contractors for about 4%, and 
all other elements of the Building community for about ?2%Z CCIif, 
P7G5). The list of the companies and federal agencies investing 
in construction research and development Ras grown considerably 


Simce the release of the Business Roundtabie reports. Figures 
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for 19682 have not been tabulated yet out the trend of 
expenditures 15 probabiy in the positive direction. 

The lack of R&D maney does not mean there is a lack of human 
and physical resources needed to effectively carry out a 
Significantly expanded construction R&D effort. There are 
Plenty of researchers and laboratory facilities to carry on the 
needed R2uD. The Business Rountable identified aver 180 
arganizations in the United States with a potential far doing 
construction R2D. Although relatively few academic institutions 
Beet) y provide research or for that matter educational 
programs in the management of construction projects the number 
would certainly increase with the dollars available. 
UNION AND OPEN SHOPS 

peveral of the myths about productivity deal with labors anda 
unions such as: 
Myth #1. The work ethic 1S disappearing. Feople no longer 
believe in the virtue of hard work and care nothing about 
personal pride of accomplishment. 
Myth #2. Organized labar’s resistance tao change in work 
Practices cuts productivity. 
The statistics being published these days just do not provide 
evidence to support these myths about productivity CBuehler, 
a7Sil. 

In fact, the liabor unions decreaséd 1n size trom 20.1 
million in 1980 to 17.4 miliion in 1984. A decrease of 2.7 
million workers. Historically the main source of union members, 


non-agricultural goods-producing industries are mining, 
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construction, and manufacturing. These industries suffered a net 
employment cecline of BOO,000 workers over the period of 1980 to 
Pa The construction unions decreased in size and number by 
aimost 74. This was taking place during the period of slow 
activity in the canstruction industry. By 1984, employment in 
the construction industry had returned to its 1980 level of 4.4 
miilion. During the slow down of the late 70’s and before the 
19380 mini recession the number of union members had stood at 1.4 
million for 4.4 miliion employees, however, by 19834 the unions 
stood ie Million. The competition between union and nonunion 
contractors during this period intensified, with many of the jabs 
that had been historically union going to nonunion contractors. 
Some of the unionized firms started separate nonunion firms to 
compete during these lean years CAdams, 19785). 

These statistics Back up the economic analysis presented by 
oteve Alien earlier in this paper. The skill levels amassed for 
targe projects which were historically union jobs before the slow 
down of the late 19790'’s and mini recession of 1980 thave broken up 
into less skilleG labor intensive projects. The union jobs 
requiring Higher skill levels because of the union contracts 
regardless of what the actual work being done is becoming a thing 
of the past. Because of the mini recession, the jobs were being 
won by nonunion firms which had a lower ratic of skilled 
craftsman to laborers than the union firms. The cost difference 
between union and non union projects was mentioned by Mr. McNair. 
Tne company had estimated a project in Atlanta using an apen shop 


labor source when the client stimpulated all labor must be uniagan. 
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The exact same project increased in cost by 14%. 

The main point of all this is the unions, although 
cantributing to the productivity problem with outdated wark 
practices, and higher cost on some contracts, are not the sole 
problem. The size and infiuence of the construction labor unions 
were dropping during the period of no or little increase in 
productivity within the construction industry. 

The other nations of the world have suffered the same 
problem in that their productivity in the construction industry 
has Nac no, or very little increase. The interesting point 15 
that they claim one of the main causes for the lack af 
productivity increase is the increase in labor intensive work 
SipGem, 1903). The exact opposite of what some of our experts 
Claim. The Japanese do not blame the construction unions for the 
lack of labor productivity decline nor do they blame the laborers 
themselves. 

The Japanese feel the main causes of the labor productivity 
decline in recent years are s 
1. Reduction of order prices by excessive competition. 

“e Rise in material prices following the o11 crises. 

=. Increase of labor intensive works, joint-venture projects and 
small sized separate contracts in public works. 

4. AGe advancement of workers. 

Many of the reasons stated follow along the lines of what the 

United States experts feel are the reasons for the lack of 

Broductivity increase in the construction industry. However , 


there are some notable differences missing, one of which is that 
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the labor unions are at fault. 

Many of the criticisms about labor unions are by companies 
that do alot of government work and the criticisms are reaiiy 
meant at the Davis Bacon Act of 1931 CHalpin, 1780]. They feel 
the act 15 Outdated and no longer serves a useful propose. fhe 
act sets the minimum wage that can be paid aon a government 
contract at the going wage rate of the local unions in that area. 
Tne act essentially makes sure tnat the union contractors can get 


government jabs. The act was not meant to do this when it was 


first Denbec ed: However, it has evolved into an act that 
protects the unian contractar and the lacal unions from the apen 
Ssreps and nonunian contractors. 

Many labor unions and experts do not believe the Davis Hacon 
Act is outdated. They feel strongiyvy that a higher priced unian 
labars can survive with higher praductivity rates and some work 
rule changes [Manser, 19385]. 

The labor unions are not blind to the changing times in the 
canstruction industry, nor have they been sitting around watecning 
the demise of the union contractors. The labor unions are 
becoming a major contributor to the R20 efforts mentioned eariy. 
The Business Roundtable regularly invites labor union officiais 
to join the Boards and committees investigating the construction 
industries problems. One of the Business Roundtable reports 
focuses directly in on Local Labor Fractices. in this report 


ver 282 questionnaires were mailed out. Over 87% were returnec, 


C 


a much better result then the 1979 and 1982 questionnaires that 


Were sent out by the Chicago Froductivity Center. The 
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guestionnaire iisted 3/7 bad work practices observed, and 
requested comments and frequency of observances. The most 
nonproductive habits or practices reported are of partictuiar 
interest: 


ie, Late starts 


es Farliy quits 

he Excessive time for wash up and putting away toals 

4. Unauthorized breaks 

Elie Flace of work is the change shack, Or company property Lines 
ie Abuse of visits for medical aid 

ie False weather excuses 

=e NoOnproductive work time 

aa. Additional time payments 


io, Fremiums, travel pay, incentives 
ti. Employment practices 
ee Juriscgictiaonal disputes 


— 


2.  oteward rules 
14. Manning requirements and standby time 


An interesting comparison is that in many surveys om the cause arf 
Gelay on the construction site, the waiting for taols and lack ci 
tools (1.6. stolen or misplaced) always ranks up at the top. 

The conclusion and recommendations made by the committsse on 


the Locai Labor Fractices are well worth reading, althougn not 


bi. 
af 


described in detail in this paper, it 15 important to keer 
mind that there are still many unproductive work practices 
contained in many construction laber agreements. 

Some of the progress made 1n negotiating the labor union 
contracts with union contractors has occurred 1n areas where the 
Mini recession hit the hardest. Hecause of the amount of work 
ost by the union contractors ta the open shap contractors, the 
labor unions have made great advances in their work rules and 
megotiatiaons with union contractors. The healthily competiticn 


has made the unions much more competitive. Same of the acre 


motable agreements are the cperation TOFF, a coalition of 
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construction centractors and labor unions, in the greater 
Cincinnati area. Started in 1981 the agreement affected $517.5 
million doilars worth of construction. The best thing about 
operation TOFF 15 the cooperation among the different groups of 
people involved in the projects. The agreement sets rules far 
solving jurisdictional disputes quickly. The agreement alsa 
reduces, 21f not eliminates, work stoppages on the prajects 
covered under the agreement LHartel, i?8sd. 

Another Labor management agreement is operatian MOST in 
Columbus, Ohio. Similar to the operation TOFF it 15 another 
example of the strides that are being made by the unions ta 
become more competitive with the open shops and there by mare 
productive ~CMaloney, 1984]. 

The influences that the untons and the open shops piace upon 
productivity are great, the level of effort of each is directly 
reflected in the productivity rate of a project and the industry. 
However, to blame the past lack of increase in productivity on 
the unrons and open sheps is unreasonable and inaccurate. Fach 
Plays its part But is not the controlling element. AS ane can 
See there is no single element that is controlling the 
productivity rate in the construction industry. 

The healithly competition between the two should never be 
stopped. Not by the government and not By the industry, unless 
we plan on changing the way the free market place should run. 
GOVERNMENT REGULATION 

Tt 15 very interesting and not very surprising that sa many 


American contractors feel they can improve greatly in the 
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productivity on the construction site if the governmental 
regulation is stopped or at least decreased. A good number of 
contractors iist the government high on their list for the iack 
Of growth in the construction industry productivity. 

Not ali nations feel this way. In Japan, the construction 
contractors rate the government number one for saving the 
industry curing the past hard times. The contractors in Japan 
praise their governments leadership rule in setting up schools, 
training centers, sharing of technology advances, enforcing 
Buiiding eae and guiding the contractors through the tough 
times with an ample supply of public work jobs CHippon, ifs. 

The amount of reguiation in the United States verses Japan 
is not enormous, each has its Building codes, each has several 
levels of government, each monitors and directs to some extent. 
Tren what is the difference? Why do the American Contractors 
feel so strongly about over government regulation? 

One of the major differences is the clarity with which the 
laws and regulations are applied. For example in the United 
states Gnly 22% of the Building departments have published 
Guidelines on procedures CReport E-1, 1°82]. If one is not a 
local construction manager or contractor then you have to learn 
the system. There are numerous other examples but the point is 
the Japanese are very clear and precise in the implementation of 
their reaguliation and assistance. The United States is not. The 
number of departments in the United States regulating the 
monstruction industry has gone up py 220 with only 20 being 


Geleted since 1945 CNRAC, 1785] (see figure 5). The amount af 


81 





POT RI OTR si elsl el ein] el elol- 








0\Q85 \dCe Ayj@seuet 4 


Ope phy A yp icos@g 





vOueUDIOD} Z 





bUBWIU)SAOD MUO TIAOIy | 
raAQ 





N/A FINO v 






COUsUs Ue FC 





buidutuy lusvewey 7 





WB ASAVOHVONOWOIG | 


01382000 pun og 





Su0N D3dtu) Bue WO} 


youdnstuo0s Bpig 
QIOMBS 


Rune nue, 


-— 1 | WF 


burueu 4 


vousTUIsV0D 


due IW? vor IMsI8U07 


{AUN IOp VENI NIUOD 


burwue org 


9 
S 
luaudupAap Ubitag 
t 
Burdueuy 199004 7 
t 


Misniueyd 22004 


ube9g Bupyng - 


or 


VONP IO 
PR ay aes 


1200) 8 1PGHIG Ons 





8 

c 

9 
SIPANIGOP/S$I1WIRY G 
ubsap a's yp 
VOUMAD IW BIS 5 
furoueury 2 
buiuuerg | 


jueudo~seGg purely g 





Bue nasaty nua Ue 





YOUN ISI P/Aulaa wy 


8 
é 
any eynurAM, 9 
fdwWANDAAN | POId S 
v 


111UIN BAI BP sdIP YY 





VON PILES SIP UDIOW PF 





VNInNh « Purrey £ 





Burne gy Z 






SIA MUP 1D HIP i 


BUILOING PROCESS 





| a 





VOIN POI g/UMpHINM Dy swiseleyy - 


DE OF FEDERAL 
GULATIONS®* 


Eqonoruc St atin ty 





a5 


wena 2 ov eruze 


! 
j 
g 
3 4 


iff 


i$ 


i 


Ports. ete. 


“tet otclepe dels 


= 


Prent., rec. 


= re TORRent 
Napier, he af th 





RR) els 


©o 


= 


TEO STATES COOE*®* 


Aynastwre 


w| ] RTT Re 


Eales 
Pe eee 


Ee 
ae Be 


NUR OTS] oT A RS] 


ta 





1313 10 9 7 193 


12 12 14 9 4 12 4 6 


$ 6 9 3 


7712 6 4 


lumber reference refers to reguistions Inted in the Code of Federal requistions. 
lumber reference refers to statutes (isted in the United States Code. 


Regulations and codes affecting the building process (from 


National Institute of Building Sciences, A Stud 
Regulations and Codes Impactin 


Washinaton, 


URE 6. 


™ 
J 


Gt 
Process 


the Buildin 


1Q7Q 


Dee. 





documents and paper work created by the increase cf government 
agencies 15 staggering. Many American cantractors avoid 
government work if they can do to the amount of overhead that 15 
reguired to keep up with the government regulation and 
documentation. Aithough no figures are available to support 
this, after talking with people in the construction industry this 
fact does become apparent. 

The largest and most heard complaint by contractors that doa 
government work 15 the restriction imposed by enforcement of the 
Davis PRRShenEs As described early this act affects oniy work 
done on government projects which includes state projects using 
federal government funds. The act sets the pay scales for the 
projects at the local union rates thereby making sure the union 
contractors are not excluded from doing government work. 

The paper has discussed the negative influences of 
government an the construction industry according ta some vested 
groups. Now the paper will briefly mention some of the 
importance of the government in the construction industry. 

The leadership rule of the government is vital to the 
construction industry and for the most part 15 weil cone. there 
are segments of the construction industry that are better led by 
government regulation than others. The nuclear construction 
Industry 15 an example of probably the worst in the way of 
Flarity and consistency. 

The financial role the government plays in the construction 
industry cannot be understated. In FY8S the feceral government 


construction expenditures exceeded 30 BGillion dollars. Many af 
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the cantractars in the United States would not be very healthiy 
if it were not for the Federal Construction Frograms. The 
reciprocal of this 18s the government is very concerned about 
productivity in the construction industry to make sure it 
continues to get its money’s worth. 

The government has initiated countless programs to promote 
industrial innovation or scientific or technological development 
of some type, and while many have been successful, many others 
have failed. The point being that the successes has assisted 
many ees oe in staying in business. 

Government regulation needs to be continually reviewed ana 
improved and that is the job of committess such as the Business 
Roundtable and institutes such as the Construction Industry 


r 


Instzrtute in Austin, Texas. To place the blame for the lack oF 


lala 


productivity growth on the government is not only inaccurate it 
is wrong. Just like other topics discussed,the government had 
and still has some of its policies’s that contribute tao the 
problem But do not solely influence the situation. 
ENGINEERING AND DESIGN STANDARDS 

Engineering and design standards have a great influences on 
construction productivity. Some projects give more emphasis on 
the economics involved than do others. Such concepts as valve 
engineering and turnkey projects have resulted from the conceived 
Gains in productivity and cost reduction. 

EENSTRUCTABRILITY 


The construction manager is highly interested in the 


Fonstrucbility of the project which is an offshoot of value 
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engineering. Cli defines constructability as the optimum use of 

construction knowledge and experience in planning, engineering, 

procurement and field operations to achieve an overall cbjectives 

Poummary, 1983). The objectives are obviously canstructing the 

Ccesired project at the least cost to the owner with the most 

profit for the contractor. Some of the cansideration in design 

constructability are: 

tf. Coenstruction driven designs. The design should be enhanced 
to consider the canstruction schedule and materials required. 

<- Design Peeeaeseien. The design should be as simpie as 
possible and still give the final desired outcome. This 
includes the specification of local material, using standard 
lengths and dimensions, making the blue Brints easily to 
follow to limit the mistakes by the crews. 

&. Standardized designs. This eliminates having to iearn a new 
canstruction technic and retrain the crews. The Bugs within 
the design are worked out and improved. The best exampie of 
stancgardized designs are those used by the fast food chains. 

4. Gesians and prefabrication. The use of prefabraciation 
gquickens the project time and lessens the crowding on the 


work sites. Usually prefabrication lowers the unit cost. 


fn 


- Accessibility. The design should be site specific, inciuding 
Gecgraphy, layout areas, and other normal requirements. 

6. Besign should take into account weather. The construction 

techniques used should consider the historical weather 

pattern during the proposed construction period. 


7. Designs should include specific specifications. fhe use of 
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"boiler plate" specifications should be avoided. Although 
they save the owner a little bit of design money, they 
normally end up costing alot of construction money in change 
orders ar material not really needed or desired [Q’Conner, 
fiaeoyd. 


Tt is hard to overcame same of the barriers to 


constructability designs and integration of the old design 


technique and the new. Several of the barriers frequentiy 


encauntered ares: 


Ht 


Peaiisteace by owners. Constructability programs add highly 
visible extra cost to projects. 

Traditicn. Tt is hard to get the construction and design 
industry to change. 

Resistance by engineers. Construction experts are not aliways 
welcomed by the engineers. 

Shartages of qualified personnel. The number of constriction 
managers is still limited. The communication between 
construction managers and engineers 15 usually Better than 
that between the project superintendent and the engineers. 
Training. The schools are not putting much emphasis on 
comstructability in the design classes. 

Incentives. The incentives for the contractors are minimum 
except an same contracts. There is normally more money to be 
made trrough change orders. 

Priority. Most owners are not aware of the potential savings 
by using constructability. 


The most important point to remember is that a few dollars 
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and extra time spent in considering and designing in 
constructability will return the investment many times during 
canstruction. The construction manager representing the owner is 
not providing adeguate services if he does not emphasis this 
point. The hard part i5 recording any cost Savings since the 
construction budget is finalized after the constructability has 
been designed into the project. Tt 1S hard to document the 
savings to the owner unless you design the project and price it 
without the constructability designed in it. Mr. Ray Guring his 
interview discussed their companies attempt to document the cost 
savings af value engineering. He agreed the potential for cast 
Savings start at the beginning of the design phase and steadily 
decrease as the project enters into the construction phase. isee 
figure 7) CShah, 1934] 

VALUE ENGINEERING 

Value engineering 1S ciosely related to the constructability 
concept, untftornatuely sometimes it assumes the construction 
manager 15 acting more as just a contracting agent and has na 
Input into the design. The idea behind value engineering is the 
improvement of design by encouraging the contractor or a 
construction expert to make suggestions and recommendations 
Guring the design. The contractor receives monetary incentives 
for giving cost saving ideas. The monetary incentives vary from 
B@imcract to contract. 

Constructability and value engineering as you can see are 
Yery Similar and with either ane implemented the productivity 


rate of the construction effort should te Greatly enhanced. 
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ROBOTICS 

Robotics 15 a4 relatively new topic to the construction 
industry as a whole. Robotics has received a cautious reception 
in the construction industry as might be expected from an 
industry as fragmented and diverse as it 1s. The potential for 
productivity increase and cost savings is enormous. But the siow 
moving construction industry feels a little threatened By the 
break in traditional ways of doing business. Some of the myths 
an worn out sayings still raise their ugly heads: 
Fach project 15 unigue 
Robotics takes away jobs 
The capital investment is to much 
Its not the way we do it 
The union won't like it 
The men won't like it 
Management won’t like it 
Like it or not robotics has found its way into the manufacturing 


industry and is finding 1ts way into the construction industry. 


Some of the uses found for robotics in the construction industry 


i. Fainting of interior walis. 

2. FPlastering of the exterior wall of a Buiiding. 

=. Spreading of resilient flooring on a large floor. 

4. Casting of pumped concrete with a tele-operated arm. 

=. Reinforcing bar fabrication robot. 

oS. Tunnel lining robot. 

Vy. Shetek iaying robot. 

These are only some of the already developed uses of robots in 
SGmethictwen CLorewiey, 1978S and ENR, 19831. 


We are not the only country trying to develop robcts fer use 
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In the construction industry. Japan has made great strides in 
the develapment of roebots in construction and they have one other 
Major advantage over the United States. They use them! 

The social aspects of rabots in the construction industry 
will require a great deal of attention and care. few. Involve 
displacement of some labor and redefining the tasks ar athers. 
Robots do raise legitimate fears within canstructian labor as 
well as lower management on the construction job sites as ta 
their 306 security. Fears may prevent labor cooperation in the 
Ree nentatior of robotics which will most certainly impair their 
effectiveness. Efforts must be made to reach an understanding as 
te the priorities and policy of implementation of the robots 
Pinaw@hey, 1983). 

The need for robots is becoming critical. As the labor 


shortages become more and more, critical pushing the average 


2. 
Ny 
i} 
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higher and higher, the productivity measures we use ta day are 
going to get worse and worse CHammonds, 1987]. Same 
technological advances will improve productivity without the 
implementation af robots but by the end of the decade this will 
not be enough. The labor department predicted in a 1989 report 
that 2.4 million new construction craftsmen will be needed by the 
end of the century. During a period of population decline. The 
shortage is not far off, by the year 1999 there will be a 
SsShartage of 1.9 million construction workers. The current 
training programs produce cniy 30,900 craftsmen annually CNewman, 
178S)]. As the need for peapie in all the industries goes up so 


Wili the wages being paid. The construction industry is going ta 


20) 





became more unproductive and costly than ever if we do not start 
to plan for the labor shartage now. 

The unions and management should plan now for the procedures 
for implementing the robots and retraining the laborers displaced 
into fields where the robats are not applicable. The 
contractors, through the Construction Institutes, should start 
Investing in the near future to lower the possibility of having tea 
buy most of the construction robots from the Japanese and Germans 
am the future. The manufacturing industry has made the change 
end the comstruction industry should learn from their lessons. 
Rebots are not new, and they are being used to some extent in the 
construction industry already. However, not on the scale the near 
future will require, if the construction industry plans on 
improving 1ts productivity. 

SAFETY 

Safety has always been a key concern in the construction 
industry. Some companies are more safety conscious than others 
and their insurance rates show it. Safety has an enormous impact 
on the productivity of the construction industry. Job site 
accidents and work related injuries and illnesses, inciucing 
fatalities, in construction occur at arate that is S44 higher 
that the rate for all industries, making 1t one of the most 
Hazardous occupations. With 84% of tne nation’s work force, 
construction accounts for over 10% of all occupational injuries 
and 20% of work related fatalities (Newman, 1932]. 

The United States does not have an unusuaily high accident 


rate in the construction industry, 1t 1S universal to the 
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comstruction industry. Japan has about the same percentage ar 

accidents on the job site as the United States [THippon, i?v82j. 

In addition to the humanitarian reasons for preventing 
personal injury, the 83.9 billion dollars a year cost of accidents 
Gives the canstruction manager, contractors, and owners every 
reason to bear down on safety. Especially the owners since they 
eventually pay for it. 

Fast research by the Business Roundtable has shown that 
accidents are, to some extent, controllable by all levels af 
Sieecticn management. A reasonable reduction in the trequency 
and severity of accidents would lower the 8.9 billion doilar 
direct cost of accidents by as much as 2.75 billion dollars, or 
BA of direct construction labor payroll a year. The direct cost 
does not include the clean up cost of an accident, the lost time, 
the work siGcw down that will follaw, or the cost of the firms 
reputationlReport A-s, 19823. The owners pay for a bad safety 
record in the cost of their projects. OSHA conducted a study ana 
Setermined the owners with construction accident rates lower than 
the industry normal followed some simple guicelines: 

i. All owners with better than average construction safety 
recores required constructors toa apply for work permits ta 
WOrk in areas that were considered dangerous by the 

construction manager. 

=. The owner took into account the contractors sarety record 
when awarding aor negotiating the contract. 

eS All the owners in this aroup conducted on site safety 


inspections of their own. 
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The cost of safety and the lack of safety i5 a direct 
influence on the construction industry productivity rate. The 
construction manager that ignores safety aor does not place the 
proper importance on safety is a danger to the industry and 
iimself. There are hunagreds of established safety programs, iG 
is not the purpose of the paper to discuss those various 
programs, except to say that safety has a major direct impect on 
construction a salt Every safety program, regardless of 
the levei of detail on paper is of questionable value uniess 
common sense 15 applied by the construction manager. It 15 
everyone ’s responsibility and obligation to get a project 
complieted safely, ta do any less 15 criminal. 

OVERTIME 

The use of overtime in the construction industry 1s well 
documented and still widely used. The eftectiveness of overtime 
is also well studied and widely distributed. The hard part to 
understand is why the construction industry, on a regular basis, 
still uses prolonged scheduled overtime. Scheduied proitoenged 
overtime on large projects is known to disrupt the area’s 
economy, reduce labor productivity, inflate labor cost, and 
without much hope for a pay-off of an early campletian date. 

The Business Roundtable has gone extensive research into the 
use of overtime on canstruction job sites and recommends that ail 
owners force the contractors to limit overtime worked (Summary, 
Oo Salis 

The Department of Labor indicates that the most effective 


method, in terms of productivity, to add extra hours beyond the 
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normal 40 hour week is tea hold the eight hour per day constant 
and add an extra day. Scheculed overtime, by definition, 
involves regular work for more than 49 hours per week. eas 
distinguished from the intermittent overtime required ta finish a 
concrete pGur, or to do emergency work of short duration. 

The Business Rountable studies on overtime were based on 
engineering standards for a given task. They compared the actual 
times taken to do the work per unit using overtime verses the set 
engineering standard. For example the study found that the 
Rnetive output of carpenters over a prolonged period of time 
Was: 


8 four day completed units 120 pieces per Four 
Sf hour day completed units 100 pieces per hoaur 


It 15 cbvious to see the benefit of increased hours is short 
meved [Report C-2, 1980]. 

Resides the extra cost associated with the use of prolonged 
avertime other problems start such as: 
fatigue 
absenteeism increase 
mental attitude decrease 
higher personnel turnover 
increase in accidents 
The stucy concluded that when a work schedule of 60 or more hours 
per week is continued longer than about two months, the 
cumulative effect of decreased productivity will cause a delay in 
the completion date beyond that which could have been realized 
with the same crew size on a 40 hour week! 

Anyone that Kas worked overtime for a prolonged period of 


time will testify to the accuracy of the studies findings. Most 


pecple will slow their pace to get the same amount of work done 
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in @1ght hours as ten, if worked for prolonged periods of time. 
Tt 15 not something easily overcome. The study justitied working 
tor proionged periods of overtime in remote areas where tre cast 
Of Rousing and taking care of the workers 15 higch. It takes alot 
of the construction managers time to schedul® work 50 aS TO avoic 
the human tendency of work siow down during periods of prolonged 
Sreemuime (Report C-2, 17580). 

The effects of overtime on the productivity of the 


construction industry are obvious, yet greatly ignored. jhe 


fed 
cn 
ul 


contractors still work a ict of prolonged overtime, scme say 


fa 


So attract and keep their workers. The problem is the statistic: 


lil 


just do not Back up Ehat philosophy; protonged overtime causes a 
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RiGher turnover rate. The cwners and construction managers wiil 


A 


V2 to act to keep overtime use down, for its intendea short 
term Gbjectives, on the average project. 
WEATHER 

Everyone that has worked on a construction site EnoOWwS now 
the weatner can etfect the scnedule, and aiso knows there are 
means By which one can act to accommodate the weather's activity. 
The construction managers skill in scheduling and shifting work: 
is the secret to deaiing with weather and a little bit of Luc. 

The weather effect on productivity should be verv minimum if 
the original productivity rates anticipated took the historicaily 
normal weather conditions into account when the enginesring 
Standards where being developed. The cost of 4a Groject is 
dependent on when the construction is scheduied and it the area 
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nas varying or adverse weather patterns. Wrat we realiy are 
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discussing when talking about weather related productivity is the 
deviation from the planned construction productivity. 

A number of studies have been done on weather and most 
estimating books have tables and adjustment factors for the tine 
of year and location of the site were the construction is plannaca 
MeavrTac, i981. It is the clients decision whether to buiid in 
the bad weather season with a lower productivity rate or whether 
to wait for better weather with a higher productivity rate. 

A comstruction worker’s productivity is, of course, greatly 
affected by weather, both psychologically and physiolagicaily. 
C[Koehn, 1995) 

With the proper decision tools, information and experience, 
the constructian manager and the owner can make the correct 
gcdecisions and make the necessary trade offs made. The accuracy 


of the productivity estimates depends upon it. 
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CHAPTER FOUR 
HUMAN INCENTIVES AND MOTIVATIONS 
INTRODUCTION 

The measurement of productivity in the construction industry 
is usually expressed in some form of labor input as we have seen 
Parlier in the paper. The construction industry has taken a xeen 
interest in labor motivation because of the falling productivity 
rate in the industry. Some feel the major area of concern is the 
multi-faceted probiem in worker motivation [Report A-f, 19782. 
They wat Ss Hi etiion workers seem to take less pride in their 
work than was true in past years. The work ethic seems to have 
weakened, possibly because of social welfare programs, 
unemployment Benefits, or for some economic prosperity. Labor 
Makes up a large part of the cost of any project, ranging trom 
eau”, to 40% of the total project cost. This cost only refiects 
the labor charged to the project cost account codes and goes nat 
include the labor cost, for example, of the material delivery 
company. The labor cost is counted as a material cost, it is 
Charged against a material cost account. 

Increasing labor efforts such as overtime do not always 
eguate to increased productivity. To get an increase in 
productivity we must increase the output side of the equation at 
a higher rate then we increase the input. Unfortunately, this is 
easier said than done most of the time. 

There was a time when worker satisfaction was thought to be 
Closely related to worker productivity. That 15, saAtisractian 


was linked to high productivity and dissatisfaction to low 
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productivity. The relationship between attitudes and 
productivity, as ample research has shown, is not a simple 
matter. Worker productivity, in terms of rate or quantity of 
output, 15 at hest weakly related to worker attitudes. However, 
when worker productivity is considered in terms of lack of 
absenteeism, low turnover, and other farms of withdrawal from tie 
job, a relationship between productivity and satisfaction exists. 
These workers most satisfied are those least likely to withdraw. 
Job satisfaction and other worker attitudes thus bear an 
important eens to some aspects of worker productivity but 
fee to Others ([Guzzo0, i983). 

Construction workers can be motivated to increased their 
productivity rate. Many companies have instituted programs that 
have worked. The Business Roundtable has recently done 4 survey 
and study on labor motivations and recommends that canstruction 
companies install motivational programs. As we will see later 
there are numerous types and variations of labor motivatianal 
prsgrams, Gut first we need a quick review of the different 
theory's regarding human motivation. 

MREORY 'S 

MASLOW HIERARCHY 

The first theary that everyone should know or have at least 
heard of 15 Maslow’s hierarchy of needs. Maslow describes man as 
a “wanting” creator, and his wants in turn become "needs" that 
man tries to satisfy. These needs are not only physical, to be 
satisfied by material things, But also psychalogical. Masiow 


developed a hierarcny of needs that goes a long way toward 
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explaining many of Gur human behaviors. (figure 8) The theory 
Proposes that man first satisfies his most basic needs, once 
these are satistied they are replaced by new needs and he is 
motivated to attain these. Needs ance satisfied are no longer 
motivator’s, but there is always a need ta replace the ola 
motivator with a new one. 

Man's most basic needs are physiological, that is they 
Sustain life and provide physical comfart. For example food, 
clothing, and a house. In the hierarchy, only after these needs 
are near aE: 1 iment. does man seek safety, love, esteem, and 
self fulfillment. If one of the needs is not fulfilied the 
desire to satisfy the need will increase, then irritation will 
develop, and then unnatural behavior will occur. 

Maslow has always been the first to point out the nesds are 
not always filied in order, since higher needs may occur before a 
more Dasic one is campletely satisfied. He alsa statec the needs 
vary in there importance in each individual and even daily 
Variation within the same individual [Drewin, 1982]. 

The important thing to remember because it will be used 
later, is that the more a need is satisfied, the less it 
motivates behavior. For example, once man 15 earning sufficient 
money to gain him food, clothing, and a house that he considers 
appropriate, he becomes motivated by higher needs such as 
security and status. 

times kok YY THEORY 

The next theory that will be useful in describing and 


developing a motivational program for construction laborers is 
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MASLOW'S HIERARCHY OF NEEDS 






SECONDARY NEEDS 








Security Needs 
Safety, avoidance of pain, financial Security. 





PRIMARY NEEDS 


a Physiological Needs 
F 


ood, drink, rest, air to breathe, shelter, 
satisfaction, temperatures, sex. 





FIGURE 8 [ Drewin ] 


LOG 





: ; | tt 


the X and Y theory. This theory, developed by Douglas McGregor, 


refers to the traditional two different types of views on Khumans 


in the work piace. Theory kK states: 


oe 


The average human being has an inherent dislike for work and 
will avoid it if he can. 

Because of this KRuman characteristic of dislite of work, 
most people must be coerced, controlled, directes, 
threatened with punishment to get them to put forth adequate 
effort toward the achievement of organizational objectives. 
The ec, human being prefers to be directed, wishes ta 
avoid responsibility, has relatively little ambition, wants 


security above all. 


Theory X was the traditional view of the human work force during 


the industrial revolution years ago and is still applied in many 


industries today But with less enthusiasm. 


Theary Y is exactly the oppasite, it rests on the following 


ASS5umptions: 


a 


The expenditure of physical and mental effort in work 15 as 
natural as play or rest. 

External control and the threat of punishment are no the 
only means for bringing about effort toward organizatianal 
objectives. Man will exercise self direction and seit 
control in the service of objectives to which Re 1s 
committed. 

Commitment to objectives is a function of the rewards 


associated with their achievement. The most significant of 


such rewards, is the satisfaction of ego and self 
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actualizatian needs, can be direct products of effort 
directed toward organizational objectives. 

4. The average human being learns, under proper condition, not 
only to accept but to seek responsibility. 

oo. The Capacity to exercise a relatively high degree of 
imagination, ingenuity, and creativity in the solution Gf 
Organizational problems is widely distributed in the 


population. 
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Under the conditions of modern industrial life, the 
Meeiicctual potentialities of the average human being are 
only partially utilized. 

Today, construction management generally leans stroncly 
toward the authoritarian theory X* approach. However, because 
the dependence of the laborers is changing, so is the level of 
authoritarian approach. Figure 9 provides a good graphical 
representation of the way things are going and must go it the 
productivity level of the construction industry hopes ta make us 
some lost ground. 

The more contemporary behavioral scientists question the 
adequacy of the two mentioned theories. In the past, the 
majority of the research on construction labor motivation shows 
that most of the research was based on the motivational thearies 
Gf Maslow. Few of the studies were based upon empirical evidence 
and have came under great criticism. The contemporary behavioral 
scientists now use a set of guidelines and formulas that can be 
derived using the more generally accepted expectancy theory of 


work motivation. Since we are only interested in the basic 
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premises of the expectancy theory, we will not redevelop or 
review the formulas and tables derived from the expectancy 
theory. Instead we will briefly review the concept of expectancy. 


eer elrANnecyY THEORY 
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Expectancy theory deals with three major sets of variabies, 
and stresses the necessity of analyzing relationships among these 
Yarliables as a prerequisite to understanding the motivation 
process. fhe three major areas are, the individual, the job, and 
the work environment. It also recognizes that different people 
have referent types of needs, desires, and goals, and not 
everyone values the same rewards equally, or are motivated By the 
same stimulus. Feople work to accomplish something tor 
tnemselves. They have a task that must be performed and by 
performing that task, they hope to receive rewards. fhese 
rewards, or work outcomes, serve as the means of satisfying the 
workers needs. 

Expectancy is the connection between the laborers 
expenditure of effort and his performance of a work activity. It 
2S defined as the laborers subjective probability that he can 
turn his effort into unto a successful completion of the work 
activity. An expectancy valence such as © indicates that the 
Individual perceives a neutral chance of being able to perform 
the task if he tries to da so. Expectancy valence’s are assiaqned 
using the modeler’s experience and knowledge of the subject. Tne 
full range of vaience may be from -i to +1. A assigned valence 
of +1 indicates that the worker perceives the outcome as Raving a 


great ability to satisfy his needs. A valence Gf -1 is Perceived 
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a= eliminating current and preventing future satisfaction. An 
outcome with a valence of © is seen as being neutral, neither 
having the ability to enhance nor prevent future satisfaction. 
The more attractive the performance of a task, the more motivated 
the worker will be to perform it. Attractiveness is the expected 
Value of the anticipated satisfaction of the rewards or autcomes 
associated with the performance of a task (Maloney, 1982]. 

None of the thoughts involved in the expectancy theary are 
new, however, through the proper development of values for the 
Yalences, expectancy, and instrumentality, we can develop a 
motivation score. The expectancy theory takes what use to Be a 
non-empirical subject and moves it into the mathematicians resin. 


The assignment of numbers is subjective to whomever is settin 
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uc 
the expectancy tables, and hopefully they are considering how thre 
laborers feel about each job CLaufer, 19811]. 

The Biggest draw back to the expectancy motivation theary 
and model is that the numerous values assigned to optimize the 
outcome of the activity normally exceeds what the average human 
will consider. Feople often do not consider all alternatives, 
and they choose a lievel of effort that will produce a 
Satisfactory set of outcomes rather than the optimal. Any modei 
must be limited ta only those factors that the person 1s actuaily 
using aS a basis for their decision. 

mm@eos THEORY 

Another theory, in the attempt to uncerstand motivation, is 
the needs theory. Motivation has been defined as a physical ar 


peychological drive to obtain the means to satisfy ane’s needs. 
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Needs can be viewed as physical ar psychological deficiencies. 
Laborers start with needs and seek a way of satisfying them. The 
laborer identifies the source of gratification that is available 
to him. Once identifying the source of gratification, he engages 
in goal or task directed behavior to obtain the means of 
Gratification. If the means are secured, the original needs will 
be satisfied. Once this occurs, different, unsatisfied needs or 
a variation of the original needs become important. 

In the needs theory, the human needs are broken down into 
three categories, existence, relatedness, and growth. These 
categories, of course, cantain the need for money, security, 
love, fulfillment, etc. 

Satisfying these needs depends upon comparing what one 
person gets with what others get in the same situation. 

Different people are satisfied by different things. Some pecpie 
are happy with hot dogs and beer for dinner, others need a seven 
course dinner, however, both have satisfied theie need for foo0Gc 
and are happy. 

Relatedness needs acknowledge that each person is not seit 
contained but must engage in transactions with his numan counter 
parts and environment. Satisfying these needs depends upon a 
process of sharing, and the willingness to share. Fach person 
nas their Gcifferent levels of relatedness. Some of the laborers 
need very littie in the way of sharing and others are very out 
Going and need constant sharing. Sharing can be a lot of 
Gifferent things both materially and concepts. 


The final category is growth needs. Tnose are the needs 
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that impel a person to develop his capabilities and to attempt toa 
employ nis capabilities in different circumstances. The growth 
nesc requires challenge and a chance to grow, it involves 
Gifferent levels of responsibility. 

The mast important concept involved in the neeas theory is 
also expressed in the cGther theories but not strongly enough. 
This 15 the concept of individual differences. Feopie respond 
differently to situations and the responses of one person ta the 
same situation may vary aver time. This are of interactiacnai 
es, oagyeis relatively new to the scene and still has alot af 
on going studies. 

LABOR STUDIES 

The theories presented so far are used in many ditterent 
comBbinations throughout the construction industry. TRere have 
been many studies that investigate what motivates the workers ana 
laborers of cur industry. An interesting point here is there 
Have also been as many studies on what demotivates the workers 
and laborers in our industries. Many feel that the demotivatar's 


are more important than the motivators, since once a motivator 


0 


has been filled it is no longer a motivator. However, once a 


i 


Gdemotivatar has been eGliminated it 15 no longer a demotivator. 
Which has the longer lasting effect for the money and time spent? 
TRe studies that have been conducted on the blue collar 
working class are impressive. In the last several years, alot of 
work has been in researching labor productivity because of the 
construction industries productivity problems. Since lasor is 


such a large part of each project, iabor has been studied in 
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great detail in an effort to improve the job site productivity. 
The most recent comprehensive studies have been on nuclear power 
Plant job sites. The studies were financed by the Department of 
Energy. Once again the study focused in on motivators and 
demotivators of workers. Most of the studies actuaily performed 
by engineers have held many of the findings and conclusions 
developed By the social scientists as contentious. Ceonftiieting 
empirical results and schools of thought have clouded the 
problems af Ruman nature and productivity. The productivity 
studies Be or med by the engineers tend to get down the problems 
on the jot site and do not deal on the physiological side of 
numan mature. In the author‘’s opinion, generally, they are 
considerably more useful then the studies by the social 
scientists. This is not saying the social scientist studies are 
not important, just not as useful to a specific problem. 

Tre Business Roundtable has also taken a4 Great interest in 
the motivation of construction laborers. They feel the key to 
motivating construction laborers and foremen appears to be 
Organizing the project and its resources to let individuals be 
productive. 

The study finiacied by the Department of Energy was 
congucted by the University of Texas. The study interviewed with 
and surveyed more than 1000 craftsmen at 12 large constructian 
job sites. The study identified a large number of motivatars and 
4a even larcer number of demotivators LHorcherding, 1i?80). 

List of motivators found during the study: 


Fay and Incentives 
Suggestions solicited 
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Craft relations 
Orientatian pragram 
Sarety program 
Working conditions 
Overtime 

Recognition 

Goaais 

Open house (pride) 
Well planned project 


Reditional Motivators not menticned in the study: 


Farticipation in decision making 
Training 

Leadership 

Communication channels 

Froper evaluations 

Job Satisfaction 

Security 


Lists of Demotivators found during the study: 


No cooperation among crafts 
No communications 

Unsafe working conditions 
Disrespectful treatment 
Little accomplishment 
Material availability 

Tool Availability 

Rework 

Crew discontinuity 

Froject Confusion 
‘roductivity stressed but no goals 
Foor use of crafts 
Incompetent personnel 
Overcrowding 

Foor @Q/C 

Lack Of decision making 


Additional demotivators nat mentioned in the study: 

Lack of equipment 

Absenteeism 

Mo enforcement of the rules 

Constant positive reinforcement 

Foor goal setting 

Un-informed staff members 

Frolongéed Overtime 

The list Gf motivators and demotivators are specific tc the 


craftsinen surveyed and not absolute. Some of the motivators and 


demotivators deserve extra comments and correlation tao the human 
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motivation theories presented earlier. 

The difference between quite a few of the motivators and 
demotivatars 15 the presentation or implementation on the jak 
site. A reality good idea for a motivator can become 4 
demotivators if not presented correctly. For example, a weil 
Planned and scheduled project can be a great motivator. Nn the 
ether hand, the same project with a poor pian and scheduie can & 
a demotivator on the site. It is always up to the construction 
manager to recognize this situation or at least be apen minded 
enough to see the problem when it is pointed out to him from tne 
muddiest laborer on the site. This is one of the reasons the 


Foreman Delay Survey is becoming so popular among the foremen. 


The use of motivators on a project are useful but take alot 


isi 


of effort and time, Since usually when a need 1s fuifilled, it i 
na longer a motivator for the labor. A motivational program must 
be dynamic to Rave a chance of success. S motivational pragram 
must be careful not to insult the intelligence of the laborers 
[Schwartz=, 1986]. During a long project in Detroit. the project 
team and laborers were starting to fall Behind schedule, sa the 
Swner brought in an outside firm to implement a productivity 
program. TRis inciuded ball caps, buttons, and Bicnics. ihe 
project was compieted on time But the effectiveness of the 
productivity program is questionable. Many of the trades saw 
"the whole thing as a big joke" and censidered the Baseball cars 


anc advertisements patronizing. As one stated "We're 


Ni 


proressionals. We don't need gimmicks ta do a good 


Doge Becmvartz, iFesi 
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CMontractors that work with the Business Roundtable ang have 
experience with the cost effectiveness project criticize the 
program because there was no accountability. Tt was an 
advertisement program with no changes to the accounting system or 
the productivity system. The project schedule ang plianning 


program Gid not change. There are the supporters of the program 


wna ftelit it neiped incr 


ID 


ase productivity 18 to 20 percent. 
The motivators used for the Detroit project were not 


overwheiming and certainiy were conventional. The practice usec 


Dy most ather companies is an attempt to eliminate the 


y 
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demotivatars on the job site. The demotivators appear ta i 


ianger lasting effect on productivity when removed then the 


eo! 


motivators do when implemented. However, there is no Gempirica 


EL 
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ta to supso]Ort this conclusion. As a construction manager, one 
at Si 7 

hasS an opportunity to work on solving the complaints or at least 

paying attention to the complaints made By the laterors. When 

laborers stop complaining and became quiet is when one has a real 


oroblem. The Hawthorne affect mentioned earlier has a lot of 


p=! 
Ch 


mpeth to it. The attention paid to your workers wiil be pai 
back normally with greater oroductivity. Demotivators are real 


Breoebiem on the joo site and need to be solved for the sake of 


U 


Breogiuctivity. 

One af the great myths about productivity was presented 
earlier in tris section when stated that a few experts feit that 
the work ethic and pride associated with the construction 


2ndustry Mad decreased. None of this can be proven and some of 


this myth can be disproved. The Committee on Construction 
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Productivity for the National Research Council did a review of 
the engineering standards provide by R.S. Means over the last 15 
years. The results show great variation in productivity during 


cota 


the period for the 39 tasks investigated. Specifically, output 


un 


per crew member increased for 12 tasks, decreased for 11 tasks, 

and remained unchanged for & tasks. This suggests no clear trend 
PreeemStruction crew productivity ENRO, ife6é]. The young and ald 
construction workers the author has worked with, like every other 


group of canstruction workers, has its outstanding performers and 


vr. 
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1ts non-pertformers. The pride in their work was not lacking 


Ny 
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general. Oniy when the direction of management was, Hurry up 
Get 1t done, did the qualiity suffer. Througn the interviews 
conducted mast did not feel there Kad been a general change in 
worker’s attitudes, they Rad some that were good and some that 


were not soa gaad. 


WHITE COLLAR STUDIES 
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Tne nunoer or Se@eiest@that have been fone on “white coli 


rly 
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motivation in the construction industry 1s considerably Iess t 
those that have been done on laborers in the construction 
industry or on “white collar" workers in the manufacturing 
imdustry. As presented eSarlier., the productivity measure cot the 
professional management and engineering staff 15 even harder ts 


Gderine then for the laborers in the construction industry. The 


praductivity problem of the construction industry, because it is 


iy 


mot weil defined, is hard to pin point. To date most af th 
blame has centered everywhere except on management except to say 


its management's responsibdiliity, mever really saying its 


ele 
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Fouiic . Tt may mot, no one is really sure since we 


uit 


management ~ 
Cannot measure where the problem is as an industry. However, we 
can usually pin point the problem on individual projects which is 


where we should start. 


face 


The concept of motivators and Gemotivators is stii 
applicable when taliking about management. The list 15 ditferent 
with different emphasis placed on the categories. The incentives 
and motivators wiil change with different economic perisds. Far 

xample, Guring a good growth economy, there couid be 


discretionary bonuses and profit sharing, and during a stagnant 
economy there could be recognition and rewards for creativity in 


new projects and construction methods. During the down eccnomy 


frequent communication with all parts of the organizatio 
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regarding costs, waste, company financial status, and pos 
layorfs. Nothing 1S more demoralizing to an organization 3 
unnoticed Layoffs and mass firings. 
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Incentives for management can be broken down into to 


categories, membership and cerformance. A few incentives fai 


into both categories. eoth kinds of incentives are important: 


however, ctney do different things. Membership incentives heip ta 
teep people. They show up for these. xamples are heaith pians, 
life insurance, and pension plans. Ferformance incentives hein 


to motivate people. Employees work harder for these. 
Ferformance based incentives including cash, or shares, merit 
salary increase, and promotions. 

The Ruman benavior theories are still applicabie, but with 


usuaily slightly different weights. The removal of demotivators 
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stiiil tends to Rave longer lasting effects then the fulfiliment 
or motivators. The motivation of payday only last a couple of on 
either side of payday. 

The manufacturing studies on white collar professicnals have 
centered around office lighting, environmental effects, chair 
Gesign, and office iayout. All of which the average engineering 
firms have gained information and insight from. 

The construction manager must be able to operate in both 
environments, the field and the office. Tt takes a littie change 
in mind set each time you change locations. Different language, 
different dress, different approaches, and just plain different 
attituces. The construction manager 15 master of his environment 
from the beginning if he takes advantage of the situation before 
the project begins. The selection of the engineering firms, 
construction firms, and project office personnel set the tune of 


the project tor the duration. The success ocr tailure of A 


Mf 


Project depends upon the construction managers selections. Th 
selection of firms 15 cut of the scope of this chapter and paper; 
However, the selection of personnel is well within the scope of 
Ruinan incentives and motivation. The construction manacer can 


eliminate alot of his problems from the start if he makes the 


mM 


Orrect selection of personnel. Tt serves the construction 


a 


anagers ulterior motives and personal incentives to pick a 


0 
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successful project staff. 
SELECTION METHODS 
The correct selection of personnel cannot be over 


emonasized. The construction manager will live with the 
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Selections made every day. If he made the right selection the 
project will move along with the best possible results. Fick the 
wrong people and things will go down hill quicker then you can 
imagine. if you pick the wrong persannel do not wait until its 
to late. Get rid of the disturbers, non performers, and traubie 


makers eariy [Feter’s, 1982]. This applies to laborers as well 


a 


as mansoement personnel. The amount of time and ill fFeeiings it 
takes to mei ease someone are usually made up very quickly in 
productivity gains. This does not mean make the decision in 
Haste, make sure you have identified the problem correctiy and 
that your Gecision will sit comfortably with the rest of the 
construction team. If the decision is the carrect, one will be 


aioane in their decision, very seicdom will one recieve any support 


fram the team. If one 16 wrong in their decision the whole 
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project team will be letting you know you have made a mistake 


is 


that is hRard to recover from. The hardest case 15 when nalf the 
team supports the decision and half does not. This is ail the 


more reason to Ge careful in the selection of the project team 


tn 


when yau Rave the chance toa choose. You can avoid alot a 
Rheartaches By making the right decision the first time. 
Some experts feel approximately 90% aot the mistakes made by 
managers are judgments and decisions about people. They stress 
the importance of screening and evaluating candidates for hire or 


rer prommeation carefully. They also stress the proper and 


ihe] 
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effective use aft the motivators and incentives CHensey, 19787 


The selectian of personnel is not as easy at if ance was. 


WI 


This 1S one of the areas many of the constructian managers and 
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contractors feei the government is aver-regulating the industry 
im. Only some af the potential problem areas that affect 


employment are: 


< 


™. 


Ecual Fay Act 

Mavi Raghts Act of 195646 

Immiqgratian Reform and Control Act 

Race discrimination 

Sex discrimination 

The last af regulations affecting the employment of personnel is 


staggering and very restrictive. The idea is to avoid ail these 


problems by finding the right people to start with. There are 


many means to finding the right people and the level of atfart 
xpanded in finding the right person will depend on the level af 
the position to be filled. The construction manager must weigh 
the levei of effort and be very effective in judging human 
character. 

Some of the things the construction manager needs to icok 
for in selecting and interviewing people is attitudes, skills, 
communication ability, and knowledge. All of these traits add up 
to reflect upon the project productivity. The constructicn 
manager, as the interviewer, must be careful not to immediately 
decide about a candidate and then look only for confirming 
information. To avoid pit falls like this it is usually wise ta 
mave multiple interviews and have someone else participate. 
Normally, it is beneficial to have a younger assistant 
participate for several reasons. First he learns how to conduct 
an interview and gains knowledge from the experience. Secondiy 


there will be @cond opinion that you can use if desired. 


Qu 
Wl 


Iways hire with a test period, which pratects both you and the 
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mew hire. 

The firing of construction laborers obviously will mot be 
conducted on the scale mentioned above with the censtructian 
manager or contractor unless the company 15 very smali. 
Therefore, it is extremely important that those doing the hiring 


fully understand your desires for the type of people hired, the 


i 


traits, attitudes, and skill 


A 


The promotion of people is just as important as the hiring. 
The prayect productivity is directly related to the people 
selected Pe run the project. After all, to repeat an old saying 
"273 15 managements responsibility". Construction managers facec 
with promotional decisions must carefully evaluate the cancidateas 
demonstrated abilities to determine who will function best ina 
position GF more responsibility. This careful evaluation of the 
candidates emphasize the importance of the annual Or quarterly 
evaluation system that you need for your employees. It is the 
written documentation of the performance over time. The 
evaluation over time 15 used so the promotional decision 15 not 
mage on who pertfarmed Gest last week. Some employees are very 
skilled in knowing when to perform in front of the boss right 
before promotion time. It is flattering for the boss, however, 
can lead tao a big mistake and lats af Bad feelinas within the 
organization. Some of the traits that need to be evaluated for 
the selectican of pecple cn the canstruction management team are: 
Communication sk 
Leadership abiii 
interpersonal re 
aerzgtten skills 


Stress tolerance 
Froressianal knowledge 


ie 





The list is cansiderably longer but one gets the point. 

The selection and proaomotian of project personnel is 
paramount ta the project productivity. The construction manager 
is the master of his destiny with the project team he selects anc 


promotes. 





CHAPTER FIVE 
CONSTRUCTION MANAGERS FLAN OF ACTION 


INTRODUCTION 
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This chapter is devoted to developing a pian of action for 


the construction manager to use for increasing productivity on 
construction prajects. Tt wilt use the concepts, terms, 


definitions, and theories presented throughout tiie paper ana 


combine them directly and indirectly into an 18 point program for 
the coanstruction manager. The development of 4 plan of actican 
ang a set of procedures is necessary since the rconstructian 

yw 


manager has & hundred different activities happening ail at the 


sane time. The Old saying, “can’t see the forest through aii thre 
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wopriate. Many of the programs points 
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recguire the direct attention of the construction manager and some 
will require aniy his support. 

The construction manager Ras 2a lot of Grobliems in trying toa 
implement any new program and the number one is he must Rave the 
right mentai attitude. The construction manager’s attitude wiil 


set the attitude for the project. Attitudes Rave a direct 


hw 


ductivity. Attitudes are aiso important since 


Sy 
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Seeroanshiep to pr 
they can be indicators of the quality ot life at work ana af the 


£ 


worker's satisfaction. In the proposed program, it is mare 


, 


¢ to ocdotain a good attitude since a productivity increase is 


See eee linked te higher prefrts for a current on going 306. Le 
is mere likely to convince the owner if it will keep project cast 
Gown. Tre laborers will Rave the right mental attitude if the 


resented correctly By management, since they also 
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benefit from higher productivity through better empiayment. 
Aliso tangible Genefits for the laborers must be made by 


i¢ 


rr 


nation. 


feds 


management ta achieve their par 


‘rior to the implementation of the productivity program we 
Must Set the productivity measures of progress. Since there is 
mo single best answer for all situations it will suffice to say 
that the construction manager will set the productivity measures 


ior to the start of the project using which ever productivity 
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measurement option Fits dest. 
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The construction manager, as we stated esarlier, is de 
as the professionali project manager. Responsible to the owner 


For the campletion of the project, responsible to the 


elt 


Bem struction industry for professional job, and responsitie tea 
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Society for producing the most cost effective praject for the 
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ourc mputs. The construction manager is with the project 
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Ramet GEeOliening working with the desian firm and 
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through conmstruction. He should provide leacership 
construction team and the management team; making 
recommendatians on Gesign, canstruction, scheduies, ana tie 
economy of the project CScott and Snhowaiter, i°98s1]. 
138 FOINT FROGRAM 

The mainstay of the 18 point preductivity program is the 
Simple idea of productivity through people. Froductivity can be 


achieved through hard work, smart ideas, loyalty 
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Sener human means. VWnere are a NhuUnCcred Stuiccess sto 


companies that started their path to riches through pecrie 
productivity srograms. The IBM tower iS a monument to this 
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concept. TEM is only ore on the list of large companies that 
made it to tne top through people productivity programs (Creters, 
17821. The concept of treating laborers like compressors is 4 
mon proaductive concept and must be left behind. Sometimes this 
ts hara to do in the construction industry due to the nature of 


the Business but through proper planning it can be achisved in 


mast cases. 


The 18 point praductivity program is not a checklist of 
rtems to be measured and forgotten as they are compieted. 1e 1S 


more like a method approach with attitudes and ideas that the 
construction manager can implement in his particular 
Circumstances if it ¥f1ts. Tre pragram if a reminder of the 
Simple things that we all forget when things get Busy and cur 
¥Wisicn i5 clouded By the daily crisis of construction. The 
fmeereding iS a 1ist of the 18 points that will Be coverec in the 
rogram: 


COMMUNICATION 
BeoDeERSHIF 
“ie Si oe! UP 

Seecri@N AND FLACEMENT 
TRAINING AND EDUCATION 
SOAL SETTING 

MANAGEMENT BY OGBJECTIVE 
SUPERVISORY Pe PoauDsS 
eee 1 ¥ 
APPRAISAL FEEDBACE 
DECISION MAKING TECHNIQUES 
CAREER DEVELOPMENT 
DRGANIZATICGNAL STRUCTURES 
FINANCTAL COMPENSATION 
FHYSICAL WORKING CONDITIONS 
fe ese ae OUL ING 
WORK REDESIGN 
wer SHpeurRirTy 
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The first item in the pragram is COMMUNICATION. 


Communication is a major eslement to a successful project and a 
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Successful productivity program. Communication includes oral ana 
written, formal and informal, and various other subtle forms of 
communication. Communication inclides the passing of an idea 


ons and 


bd. 


whether througn Blue prints and specs or through direct 
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Suggestions. it must be precise, accurate and timely with the 


correct method of presentatican. 
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An example of hew poor communication can lower productiv 


$2 the lack of timely engineering answers. The engineering 


rr 


answers that come from the home office to the project laborers in 


the fieid is rated by the foremen as a major demotivator tor the 
Beew=s= tforcherdina, i780]. It is a delay in productivity, and 4 
form GF communication problem. The telex is too siow, or the 


engineering department 1s too slow. or the paper work to get the 


Cu; somewhere there is a communication probplien. 
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amswer is too s 
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mples thet can be made® of Boor communication on the 
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construction job site could fi111 4 whole series of books. The 
solution to the problem is not easy. 

First you must make the simple breakdown of who you are 
communicating with. The simplest list i15 the client, the 


conmtractors, and the laborers. TRe responsibility of the 


bi 


censtruction manager to communicate should By very extensi vi 
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ee The construction manager should establish a communications 
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system with the client. A setting up oF a systematic 
Brocedure for exchanging and documenting information, and 
reaching agreement on the kind and amount of information 


needed and tne freguency with which it 15 to be exchanged. 
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TRe next task is tao set up the channels for communic 


the different departments and interest. Fut it in we 


publish it to all concerned, so it is clearly unders 


rt 


Pees tsahble tor use. Hewat +e one emanamMel Ss) ce line 


contractor, and laborers might be all or just some of 


following: 
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Newsletters 

Teal box talks 
Foreman Delay Surveys 
Meetings 

Letters 

Meno s 

walking tours 
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Suggestion Box 
Cpen door policy’ 
Cooferences 
Sentracts 

Resign Documents 
FRone calls 
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The methods are up to the individual canstructian ma 
the principles are the same and snould be well defin 


TRe use OF; communicatio Biche weOhicsiur Gekion IG 
2lized; it 15 a Major scurce of intfaG 


Bianmning material. The correct set up and use ot com 
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20 18 his Business to link them all together professiona 


mn 


must be able to perform in informal settings as well as in lar 


Wd 


conterences with prepared presentations. The “consEPuectitcn 
be able to communicate well with everyone. 
The next element of the productivity program is LEADERSHIF. 


Tne leadership we are referring to is that of the construction 


Mansger. After all, he is the focai point of the construction 
Sroject, ne is the continuity from conception to completion. The 
topic of leadership in construction has received alot of 
attention im the construction management professiaonal jJournais 
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it is seen as another way to improve job site 


performance which is another measure of job site productivity. 


The steady hand of a good isader is invaluable to & construction 

project. i The productivity Gains of a good leader are not easily 

measurable because the problem of standards and definitions. The 
record of the good leaders, meaning the best preforming 


comstruction managers, wiil have to stand for themselves since 
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productivity levels recorced are lost in the sea of confusion 


on 


egarding preductivity measurement. 
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The best 


food 


eacdership style has been a topic Gt argument 
centuries. There arFe2® numerous studies with conflicting resuits 


Bout task oriented leaders verses pecple oriented 
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im England set up Fiedier‘’s LFOC Scale, which 


SXAaAMINGS any association between site managers orientations and 


Performance, across the range of Situations encountered ([CBRresnen, 


eds TRE answer ta the age old question about leadership 
styles witli not be answered easily. The secret is ta uss the one 
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tly such as inspectears. 
Facn project has an infinite number of ways to be 


constructed and completed. TE iss up to the construction manager 


investigate the different paths to completion and recommend 
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The pre-job set up includes iceas such 


investigating the constructability and adding in the comments 
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metmeappl leable. There are numerous ways to heip select 


onstruction site pre-job set up which will optimize the 


StCians present. Tt can Ge done through camputer simulation 
‘B construction job site using programs such as Cyclone, and 
oe . tt can be done by using operational research techniques 


‘ Or it can be done by the most common prac 


so the cheapest method (at ieast initially) By experience. 


construction manager always relies on his past experiance to 
Sem Up the current project. 

me time taken and money spent of investigating the 

muction job site set up is well worth it. f just one 


y mistake is avoided the money and time are made up far. 
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You never really can prove that a mistake was 


Pt. You cannat shaw an tncreese in the productivity 3 
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ta show how much better you’rese doing. The 
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YOu might use is the total project cost per square FT 


this 265 hard to use since, for example, Sach Builcing may 
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the same square foot But the insides are complet: 
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rent. Cne i6 all open flicor space and the other has offices 
ructed. TRe total project cost per square foot is not 
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manager must slow down and take the time to do 4 proper pre-job 
set up. He must chocse the correct procedures and have them 
reacy to impiement upon the start of construction. nce = 


project starts and you then try to go back and imp 


mrocedures, it is a nightmare. Th 


i 


tne canstruction job site up corr Ly from the beginning, with 


the correct manning, layout, and various other details. PFPre-ja 
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Saye 2S 2 Vitel part of every construction project so doa nat 
ever short change it. 


The SELECTION AND PLACEMENT af people was mentioned several 
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Quick re-emphasis. There have been 


Several studies on the erfectiveness of using selection and 


placement a5 a means Gf increasing productivity (Guzzo, ivest. 
The findings of the surveys and studies confirmed if management 
made the proper selection of employees, the turnover rete 
Gecreassd which is directly rated to productivity as shown 
aie, ier. 
Selection is an administ tive act involving the 

identification of personal variables that influence EB ormance. 
If the organization is to reach its objectives, it must recruit 


those individusis possessing the desired characteristics. 
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Pn@ TRAINING AND EDUCATION of our employees is 
amportant part of the productivity program. The tre 
education referred to is that of the ctirrent employe 
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Presented first is information about the educ 
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construction manager this aimost alnays means coll 
SF seit made engineers and construction managers i 
Cicss. The new trend is toward higher degrees as 
s3vancement in tne protessional fieldad. The educat 
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scnedule, and it increases productivity. GOoai setting, ance 
SStacirsheg, snouid be renewed on a regular schedule with 
imcentives for meeting the goals and a course of action for 
messing them. The goals must be reachable but not easy. The 
human obehavior changes from the desired benavior if tne gosis 
are unrealistic ar arbitrary. 

MANAGEMENT BY OBJECTIVES (MBO) is very similear to goes) 
setting and also has & powerful directing influence an behavior 
and preductivity. Management by objectives 15 4a saophisticatad 
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Make productivity improvements overnight. The foremen that are 


SAFETY on the construction job site is an important part of 


Pee OGEUClivity program. Tt requires managements utmost support 
ang attention. All safety programs relate back tc goal setting, 


tRe companies that have achieved success in those areas have aisa 
developed a good safety program. Safety relates directly back te 
BPrecuctivity and on both sides of the productivity equations. 
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at isast Be famliiar with the requirements of a good sarety 
program. Tt is the construction manager’s morai obligation ta be 
Safety caonscicus. 


TRe APPRAISAL AND FEEDBACK processes are eseentisi te ths 
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A number of Human behavior theories have pointed cut 
individuais desire and actively seek out feedback about their 


Performance. Tt aids them in their quest to better understand 


ehemseives and tneir roles in the organization. The performance 
Sfpraisal interview represents an opportunity for the emplcysee to 
receive such feedback from his supervisor. Laborers also can 
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Gf tne time cards. Not ail employee’s are interested in 
monitoring their performance so do not count on a Big demand for 
productivity reports. Most, however, are interested in the 
construction manager’s opinion an how they are doing. reecdkac} 
Can Be aS Simple ass you're doing Great, we're on schedule. 

The Foreman Delay Survey reviewed eariier is a form at 
appraisal and feedSack from the foremen. it makes up ror the 
lost chance of face to face Communication since the number otf 
nOuUrs in & day are Limited. TE uses a source of information that 
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Se Many people feel that cecision making is synonymous with 
Managing. TRe techrigues for making those decisions are very, 
gitfterent. 

TRe use OF Bxpert systems 15 ah UPCOMING means of Gecision 
analysis. in the emda tr is still the construction manager that 
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CAREER DEVELOPMENT is a very important motivator for some 
employees which effect the productivity rate of many employees. 


Career development is the process by which an organization 


promotes its employee®’s growth inside the organization. Tris 
might involve career caunseling ar planning. The Ruman 
motivation factors were previcusly discussed as a farm at 


productivity improvement. Tne career development within the 


Se@m@etructign industry is am important part of productivity. Tre 
ee eee a ements Gea 15 mot new to either unions or open sharps 
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Simce the level of each craftsmen ts watched and the pay is 


om tre level. The promotion to foremen is always a proud 


TRe promotion of employees in the sam2 company nas many 


bererits anc many drawbacks. TRe Benerits are bnowing you Rave a 

Given performer and 3&3 known quantity. Ir the selection for 
promotion is popular among the laborers or at least mot unncpular 
Ene laborers can see the possibility for advancement and an 


improvement in living standards. The drawbacks come if the 
opromotian 15 not popular or somecne’s feelings get Rurt because 
they were not promoted. This is true in both Blue collar and 
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big part of the productivity of that organization. The 
Gf an Organizatian represents a pattern of relationship 
@specialiy authority and functional relationshics, aman 
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employees with specific instruction or policies. rach 
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Sanization alsa Khas an informa 


BOth the informai and formai structure of an organ 


are dynamic. THis 168 natural simce peopie and oraanizatiaon 
VOlve with time. It is also natural, in the search of gre 
productivity, that organizations and people change. The ba 
BxHampie is the recent phitascphy of getting lean and mean £ 
lower overhead cast. Lowering overhead cost increases the 
srodiuctivity rate since the input side of tine equation is i 
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35 ; . roe el BR = T er ; 
he equation remains the same. Pie 


organizational structure of construction companies is mot 
stancdardizec mor is there any evidence as to which one is the 


mMOSt proacuctive. The subject of organizational structure is an 


nterest since each company is always iocking for 
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the optimal structure. 


TRe use of FINANCIAL COMPENSATION is wused widely in the 


Corstruction industry as a form cf incentive for productivity 
iMmcresses. Incentive pay is typically thought of as performing a 


number of runctzions that contribute to organizational 


effectiveness. Frimarily, it is considered a reward that can be 
used to make employees feel satisfied with their jobs, motivate 
Lhem, gain their commitment to the organization, and keep them in 
the oarganizatian. For example, profit sharing programs nave been 
imstalledc im imcreasing numbers, exemplifying heightened 
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GQWSreneass on the part of tre organization of the potential far 


enDpicyes commitment to an organizational end of great im 


Monetary compensatian in the construction industry oaFten 


lil 
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S aS positive reinforcement, contingent upon thre 


Perrormance Of desirable job behaviors. The desirable behaviors 
are often set by goal setting, MBO type programs, and enginsering 
Standards developed by the construction management stati. The 
Chore irs all this is measuring the work-in-piace with the 
praductivity rates set and the means availible Gy which to 
achieve them. If you set a goal ef SOO lineal feet of trench in 
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the aaal yr iEnmstalling material guickiy is normally at the 
aa = — = SS = oe wna — =- = ec _ -—=—3—s5 fo — = 
SXBEnse of Greater waste of material. You must Balance the gca 
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Bees Net Just amcther joke. 

Financial compensation cannot be a "give me". The merit 
system and goal system must be obtainable but above the expected. 
TRe reguiar pay of laborers and employee’s is mot for just 
SHOwWing up and standing arcaund and financial compensation should 
mot be a regular add-on te the pay. it is a rewerd for superior 


performance, and can lead to great productivity by Laborers and 
crews far short durations. Tt 35 not a Permanent increase in 


Bmeaguctivity. 
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Many studies have 5b 
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em done on the productivity e 


the PHYSICAL WORKING CONDITIONS. Prysical working canditions 


at 


inciude such things as: noise levels, illumination, and site 


rs 


bayout. The studies have teen for Both white and Blues collar 


Workers and as detailed as the design of chairs anc office 


1 Sot . Tre studies done ror the oiue collar workers have 


TRE simple things such as Raving enough cisan portable nse 
PSeVeny Ligar tami fOr productivity. if tnere are no heads arau 
for use or if the Reads are trashed, the laborers will stan wor 
and find scmewhere else to go. Time away fram the job site is 
“Sry unproductive. Some of the estimates made recently state 


140 


at 


Lit 





cr 
ml 
J 
Ge 
b wd 
i) 
ui 
Wi 
cr 
Sle 
Cia 
al 
fl 
posal 
als 
ice 
ate 
i 
= 
C 
of 
Pe 
oh 
“i 
pubs 
ut 
ul 
Tl 
mM 
El 
rt 
rd 
md 
TL 
pa 
al 
it 
m 
rt 
frevot 
O4 
cr 
0) 
et 


WReENever we can SGliminate® a source of off the job time it wiil 
fee precuctivity. The example of portable heads is Gniy 4a minor 
Sxampie or the possible productive changes the construction 
manager could make in the physical working conditions at the 
Semstruction job site. 

Weemeiy Steal HOrhing Cemagitions on any Construction job site 
Seeeee tne productivity of that project. The time and effort 
involved if minimum, it is more a state GF awareness that is 
required to see any proeblems with the physical working 
Sec: Cians. A good suggestion box may help locate any Sericus 
problems. As with all suggestion boxes, you must sart cut tna 


(25 ang find the seriously submitted suggestions. 


od 


WORE. RESCHEDULING is something the construction industry has 


been doing for ages; however, not in the way it i 


cays. TRe work rescheduling that could hein in the productivity 
ang motivation of the construction laborers is hard to arrange 
Since construction is a team effort. The work rescneduliing tha 


the socioliacgist suqgest is transforming the traditionsi s-day 40- 
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hour work week into a more flexible, variable sci 
Increased use of flexible scheduling which permits emplcyesee’s 
Oo cope better with non-work problems during work hours. 


Beveloping a “care” time period of a few hours each day when 


As stated, this is hard to do since the average construction 
project takes alot of team work and coordination. There ars 
certsin areas where this can be done but it does take slot of 
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Work rescheduling is even harder on union j 
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the work rules set up by contract. The use of work 


as a means of impraving productivity is possible but it dces 
alot of THe construction manager’s time and effort. Tt shoul 


The next point in the program, WORK REDESIGN, has not 


received much attention in the construction industry but has 


‘ 
cl 
ca 


ad 
i 
as 


a major impact in the manufacturing industry. 7: 
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ang relatianships in order to satisfy the technologic 
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Bersanal requirements of tie job holder. In recent years, it 
been recognized that jobs were often designed with emphasis a 
technological requirements and ignorance of human requirement 


the manufacturing industry; resulting in worker dissatistacti 
woe OW proacuetcivity. A strategy far Overcoming the effects 
i11 designed j0bs is to redesign them in a way that is more 


COorducive to better worker performance and enjoyment of work. 


Mis COMNSLOrUcLILiOmMm 2maustry wiil need te review the studie 
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and Lessons learned in the manufacturing industry since the 
comstructiocn industry will have to become more automated in 7! 
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future. TRe problem of laborers job satisfaction has been iesse 
in tne construction industry than in manufacturing due to the 
nature of the work. This will change with the introduction of 
robotics in the construction field. As men are repiaced, their 
job descriptions wili have to be rewritten and redesigned toa 
provide satisfaction. If we implement the changes correctiy from 
the start, we won’t have to repeat manufacturing mistakes ana 
suffer the resulting productivity decline. 


Some of the problems with work redesign can te eliminated 


? 


through the education and training of our employee's. Some a 
tne crafts will change, such as the masons with the introduction 
Gr the machines that can lay block quicker and cheaper than the 
masons of tRe near future. The displaced masons must nave their 
jobs redesigned to provide satisfaction and keep the productivity 
improvements that the machines offer. 

The final point Gf the productivity orogram is aisco one or 
the most important. JOB SECURITY is on a ilot of peopies minds 
these days with layoffs and automation in the construction 
industry. It includes laborers and engineers, and does not Enow 
any geographic bounds. The construction industry is a anomaiy. 
We work very hard to work ourselves out af jobs. Tne gGuicker we 
finish a project the sooner we can look for another job. imhere 


is a real problem with this, and it can be seen often at the end 


“by 


Of a Big job when there are no more jobs to be had. It 1S often 
herd to finish a big job because the laborers do not want te 


finisn because there are no more jobs in the area. You cannot 


lame the laborers for not wanting to finish and go oan 
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ang towards the end of a project it effects the prcductivity in 
Seo snork run. TRe people orograms center around peopie anc, 


hich in construction, eventually centers around job security. 
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Cue to then the Business, you cannot hire everyone at a 
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permanent employee that works on a job; but you do not have to 
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S a temporary emelcyee either. The construction 
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companies are starting to follow the examples af the 


manufacturing companies such as IBM. The Bechtel Corsoraticon is 


trying to be more sensitive to the needs af its employees during 
iean times in the construction/engineesring Gusiness. 

JoG security often teads to loyalty and other faveorabie 
momen Craits whicn lead to higher productivity. An Graanizatian 


that prices itseit on peoccie programs normally attract the Gest 
people and; therefore, develoso the best reputation that attracts 


business. its througn the emplcyees that a company develops its 


N 


Business since any business is mo more than its employees. 
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CHAPTER SIX 
CONCLUSIONS AND RECOMMENDATIONS 

CONCLUSIONS 

Our understanding and research of the productivity problem 
in the construction industry is actually very good. The studies 
being performed by various educational and research institutions 
are commendable. The organization and structure formed by the 
Business Roundtabie and the productivity centers is becoming very 
efficient in the distribution of information, hiqghiighting the 
probiems, and increasing the awareness and knowledge of the 
industry. In the final analysis, it 1s the implementation By the 
imGividitsal campany and contractor where we are not doing sco well. 
The soiutions and ideas to improve construction productivity have 
been in the works since before the turn of the century but we ares 
Siow to follow them and still cannot measure the change 
accurately or consistently even if we impiement them. 


TRis i185 not to say that some companies have nat taken great 


Il 


steps forward in their technological advances. fhe protbiem i 


tre technosiogical advances which lead to productivity advance 


My 


are far behind the advances in wages and benerits. How far 
cannot be determined since there is not a good standardized 
system for the measurement of construction proctrctivity. EYyen 
tne calculations of the total dollar volume are significantly 
wrong. The problems are compounded by the fragmentation and 
Competitiveness of the construction industry. 

In resaeding the Business Roundtabie reports and studies it 


becomes apparent that the members of the Business Roundtable felt 
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tne only way tao cantrol and effectively regulate th 
industry 15 through the owners and clients; hence is the growth 
OF the construction management business. The disseminaticn of 


the information and recammendations of the Business FRoundtabie 
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Pen siow to the owners and clients but it 15 spreading and 
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the use of the construction manager phiiosophy. Steven 


Bechtel Jr., president of the Bechtel Corporation and 3s member of 


nc 


the Business Roundtable, an a recent field visit to the Oak Ridge 


face voiced the same concerns and ideas. 
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The problem of standardized construction productivity 
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measurements on a large industry wide scale is still Gm 
problem. The government still will not release its figures on 
the construction industry because of inaccuracies and the 
construction industry does not keep any central records. The 
idea of Breaking down the industry into smaller segments for 
reporting has been tried in that the industry reports separately 


the industrial, commercial, residential, and highway 


construction. Unfortunately this has not solved the problem. 


= 


The problem of project level productivity measurement is 
much more simple but still a problem. Even projects cf similar 


construction often use different measures of productivity because 


ar 


of client preferences or because of contractor preferences. Thea 


trend for standardization of company wide productivity 
measurement is at least looking favorable. Many of the companies 
interviewed use a standard measure for each craft, and are 
attempting to standardize the productivity measuring system 


ae 


between projects. The construction manager wiil have to seiect 
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the productivity measures he feels will be the most useful and 
caonstantiy stay with it. This has Gecome easier with the advent 
Of the micro computer because even standardized information can 
be quickly manipulated into almost any desired form. 

Tre governments role in all this is multifaceted, starting 
with adopting some of the Business Roundtables recommendaticns on 
recording and reporting construction industry figures. The 
Government has started in the right direction and is working on 


improving the techniques used in the productivity measurements. 


i 


The government also needs to review the mound of regulation 
Placed on the construction industry and decide what can be 


combined and eliminated wherever possible. This act is not 
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Since many federal and state jobs are associated with the 
regulation and governing Gf the construction industry. The 
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mstruction industry can help with continued studies on 
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ation and report its findings to the federal and sta 
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agencies. The governmental agencies must create a central poin 


to receive the recommendations and evaiuate them, atherwise 
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Changes must slowly make their way through the congressional 


channels. The changes made through congressional channels are 
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aiways Suoject tc iobbying pressures by various groups. Th 

anotner front where the construction industry can heip its 

productivity by being more agaressive in the lobbying arena. 
The subject af productivity in the construction industry 


LOuUChSeS every part of our daily lives. Tt is a very Broad topic 


which stretches from the productivity of a ngle individual 
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laborer to that of the largest industry in the United Stat 
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This paper fas presented an overview of productivity in the 
conmstruction inagustry from several different perspectives, that 
of the activity, the project, and up through concerns of the 
industry im generai. The paper has also presented a 15 point 
program to be used to heighten the awareness of the constructicn 


manager and the project team. 


RECOMMENDATIONS FOR FUTURE RESEARCH TOPICS 

In Bec ikse of writing this paper it became apparent that 
there are a great many topics that pertain to the subject af 
productivity in the construction industry that stiil need 
research and investigation. The fotlowing 15 a 11S5t of po=sibdise 
future research topics: 
i. The use of video camera’s for time lapse productivity 


measurements. 


bd 


5 A study of "white collar" productivity in the construction 


industry. 


te 


: tandardize a list of construction productivity units that 
can used for all secments of the construction industry. 
Develop a method for assigning weights to the indgiviGcuai 
productivity rates so they may be combined into a singie 
project productivity rate that can be applied across tne 
spectrum of projects. 

“ Research the use of productivity data in claims and iegai 

proceedings and how current coilection methods effect the 


outcome of the proceedings. 
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